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PREFACE. 


This volume contains all the proceedings, papers, and dis- 
cussions of the Institute published during 1911, with the fol- 
lowing exceptions : 

1. Brief obituary notices of members and associates reported 
as deceased during the year 1911 ; library accessions and re- 
quirements ; notices of meetings of the Institute and of other 
societies ; lists of proposed members and associates ; changes 
of address of members ; and other announcements of general 
but temporary interest, furnished to members in Bulletin Hos. 
49 to 60, during the year 1911. 

2. Account of the excursions and entertainments connected 
with the Wilkes-Barre meeting, June, 1911,^ and with the 
San Francisco meeting, October, 1911.® 

3. The following papers, presented at the San Francisco 
meeting, which on account of lack of space are carried over to 
Volume XLIII. : 

The Mining Industry of Japan, by Keijiro Hishio, Tokyo, 
Japan.’ 

The Black Mountain Goal-District, Kentucky, by J. B. Dil- 
worth, Philadelphia, Pa.‘ 

The Geology of the Tonopah Mining-District, by Augustus 
Locke, Goldfield, Kev.’ 

A Modification of the “ Gay Lussac ” Method for Silver- 
Bullion Containing Tin, by Luis Emlyim Salas, Kew York, 
KT.® 

Kotes on the Laramie Tunnel, by D. W. Brunton, Denver, 
Oolo.^ 

The Laws of Igneous Emanation Pressure, by Blarney 
Stevens, FTew York, K. Y.® 

^ Bulletin. No. 55, July, 1911, pp. 584 to 594. 

* Idem, No. 59, November, 1911, pp. xii. to xxiviii. 

’ Idem, No. 61, January, 1912, pp. 103 to 147. 

* Idem, No. 62, Februaiy, 1912, pp. 149 to 176. 

’ Idem, No. 62, February, 1912, pp. 217 to 226. 

* Idem, No. 68, IMarch, 1912, pp. 267 to 278. 

’’ Idem, No. 64, April, 1912, pp. 857 to 376. 

> Idem, No. 64, April, 1912, pp, 411 to 427. 




IV 


PBEFACB. 


Physical Data of Igneous Emanation, by Blarney Stevens, 
Few York, F. Y.» 

The Bearing of the Theories of the Origin of Magnetic Iron- 
Ores on Their Possible Extent, by Prank L. Fason, West 
Haven, Conn. 

Oold-Mines in Southern Colombia, by P. Pereira G-amba, 
Tuquerres, Colombia. 

4. A few discussions referring to papers contained in Vol. 
XLI., which were received early in the year 1911, yet in time 
to be included in said volume. 

The publication of the Year Book, containing a revised List 
of Members and Associates, heretofore usually issued directly 
after the close of the calendar year, was postponed until after 
the Annual Business Meeting in Pebruary, 1912, in order to 
have the period covered correspond to the official year of the 
Institute. 

On the other hand, this volume includes the following paper 
presented at the Canal Zone meeting, which was omitted from 
Vol. XLI. on account of lack of space : 

The Agency of Manganese in the Superficial Alteration and 
Secondary Enrichment of Gold-Deposits in the United States, 
by William H. Emmons, Chicago, 111. 

Joseph Struthbrs, 

Secretary and Editor. 


® BvMetin No. 64, April, 1912, pp. 429 to 438. 
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OFFICERS. 

For the year ending February, 1912 , 
COUNCIL* 

President of the Council. 


CHAELES KIECHHOFF New York, N. Y. 

(Term expires February, 1912.) 

Vice-Presidents op the Council. 

BENJAMIN B LAWEENCE New York, N. Y. 

JOSEPH W. EICHAEDS South Bethlehem, Pa. 

ALBEET SAUVEUE Cambridge, Mass. 

(Term expires February, 1912 ) 

S. B. CHEISTY Berkeley, Cal. 

W. A. LATHEOP Philadelphia, Pa. 

GAEBNEE E. WILLIAMS Washington, J>. C. 

(Term expires February, 1913.) 

Councilors, 

KAEL EILEES New York, N. Y. 

ALEX. C. HUMPHEEYS New York, N. Y. 

W. G. MILLEE Toronto, Canada. 

(Term expires February, 1912.) 

EOBEET E. JENNINGS New York, N. Y, 

WILLIAM KELLY Vulcan, Mich. 

CHAELES F. BAND New York, N. Y. 

(Term expires February, 1913.) 

A. E. CAELTON Cripple Creek, Colo. 

W. J. OLCOTT .* Duluth, Minn. 

E. L. YOUNG New York, N. Y. 

(Term expires February, 1914.) 

Secretary op the Council and Editor. 
tJOSEPH STEUTHEES, 29 W. 39th St.... New York, N. Y, 

(Term expires February, 1912.) 

Secretary Emeritus op the Council. 

E. W. EAYMOND New York, N. Y. 


CORPORATION. 

JAMES GAYLEY, President; JAMES DOUGLAS, Vice-President; 
FRANK LYMAN, Treasurer ; 
t JOSEPH STEUTHEES, Secretary and Assistant Treasurer. 

Directors. 

THEODORE DWIGHT, J ARTHUR L. WALKER, fJOSEPH STEUTHEES. 
(Term expires February, 1912.) 

JAMES GAYLEY, CHARLES KIECHHOFF, FRANK LYMAN. 
(Term expires February, 1913.) 

JAMES DOUGLAS, JAMES F. KEMP, ALBERT R. LEDOUX. 

(Term expires February, 1914.) 


* Secretary's Note. — ^The Council is the professional body, having charge of 
the election of members, the holding of meetings (except business meetings), and 
the publication of papers, proceedings, etc. Tne Board of Dir^tors is the body 
legally responsible for the business management of the Corporation, and is there- 
fore, for convenience, composed of members residing in New York, 
t Succeeding E. W. Raymond, resigned Mar. 31, 1911. 
t Succeeding Charles H. Snow, resigned Apr, 28, 1911. 
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OFFICERS ELECTED AT ANNUAL MlBTINa. 


OFFICEES ELECTED AT AJWUAL MEETING, 
FEB. 20, 1912. 

The list of officers on the preceding page is for the year 1911, 
the period covered by the contents of this volume of the Trans- 
actims. But the result of the election at the Annual Busi- 
ness Meeting, February, 1912, although strictly belonging to 
the next volume, is here published for the convenience of 
members. 

The following officers were elected by vote of the members 
and associates in person or by proxy at the Annual Meeting, 
Feb. 20, 1912: 

COUNCIL. 

Pkesident of the Councii,. 

James F. Kemp, Nev York, N. Y. 

(To serve for one year Term expires February, 1913.) 

YiOE-PbESIDENTS of the COTJNCIIi. 

Karl Eilers, ....... New York, N. Y. 

Waldemab LiifBOBEN, Washington, D. 0. 

Benjamin B. Thayer, New York, N. Y. 

(To serve for two years Term expires February, 1914 ) 


COUNGILOES. 

John H. Janeway, Jr., New York, N. Y. 

Sidney J. Jennings, New York, N. Y. 

Joseph W. Richards, So. Bethlehem, Pa. 

(To serve for three years. Term expires February, 1915,) 

Secretary of the Cootoil and Editor. 

Joseph Struthers New York, N. Y. 

(To serve for one year. Term expires February, 1913.) 

PIRECTOBS OE THE CORPORATION. 

Edmund B. Kirby, Charles F. Rand, George C. Stone. 

To serve for three years. Term expires February, 1915.) 

The following are the o£B.cers of the Corporation for the year 
ending Tehruary, 1913 : 

President, James F. Kemp, New York, N. Y. 

Vice-President, Edmund B, Kirby, St. Louis, Mo. 

Secretary, George C. Stone, New York, N. Y. 

Treasurer, Frank Lyman, New York, N. Y. 

Assistant Secretary and Assistant Treasurer, Joseph Struthers, New York, N. Y. 



PAST OPEICBRS. 


IX 


PAST OFFICERS. 

Presidents. 

*Davix> Thomas 1871 

E. W. Eaymoi^d 1872-1874 

*A. L. Holley 1875 

*Abbam S. Hewitt 1876 

*T. Stbrby Hunt 1877 

*EckleyB. Coxe 1878-1879 

*WiLLiAM P. Shinn 1880 

* William Metcalf 1881 

*Eichabi) P. Both well...... 1882 

Egbert W. Hunt 1883 

James C. Bayles 1884-1885 

Egbert H. Eichards 1886 

^Thomas Egleston 1887 

William B. Potter 1888 

Eichard Pearce 1889 

*Abram S. Hewitt 1890 

John Birkinbine 1891-1892 

H. M. Howe 1893 

John Fritz 1894 

*J. D. Weeks 1896 

E. G. Spilsbuby 1896 

*Thomas M. Drown 1897 

Charles Kirchhopf 1898 

James Douglas 1899-1900 

E. E. Olcott 1901-1902 

Albert E. Ledoux 1903-1904 

James Gayley 1905 

Egbert W, Hunt 1906 

John Hays Hammond 1907-1908 

D. W. Brunton 1909-1910 

Charles Kirchhopf ;. 1911 

James Gayley (Corporation),. 1905-1911 

Secebtaribs. 

*Mabtin Coryell 1871-1872 

*Thomas M. Drown 1873-1884 

E, W. Raymond 1884-1911 

Joseph Struthers 1911 

Treasurers. 

J. Pryor Williamson 1871-1872 

*Theodorb D. Eand 1872-1903 

Frank Lyman 1903 


* Deceased. 




X 


HONORARY MEMBERS. 


HONORARY MEMBERS. 


1876. Pbof. Kichabd Akeeman Stockholm, Sweden. 

1909. Peof. Richard Beck Freiberg, Germany. 

1905. Andrew Carnegie New York, N, Y. 

1906. Dr. James Douglas New York, N. Y. 

1888. Prof. Haton de la Goupillieirb Paris, France. 

1906. Sir Robert A. Hadfield London, England. 

1888. Prof. Hans Hoeper Leoben, Austria. 

1905. Prof. Henri Louis Le Chatelier Paris, France. 

1899 M. Floris Osmond Saint Leu, France. 

1909. Alexandre Pourcel Paris, France. 

1911. Dr. Rossitbr W. Eaymond New York, N. Y. 

1911. Pbof. Pobert H. Exchards Boston, Mass. 

1909. Dr. Ing. H. C. Emil Schboedter Diisseldorf, Germany. 

1906. JohnE. Stead Middlesbrough, England. 

1909. James M. Swank (Associate) Philadelphia, Pa. 

1902, Prof. Dimitry Constantin Tsghernoff., St. Petersburg, Eussia. 

1910. Prof. Tsunashibo Wada... Tokyo, Japan. 

1907. Charles D. Walcott Washington, D. C. 

Honorary Members [ Deceased ). 

1872- Bell, Sib Lowthian 1904 

1892. Castillo, A. Del 1895 

1902. Contreras, Manuej. Maria 1902 

1888. Daubeee, a 1896 

1884. Drown, Thomas M 1904 

1890. Gaetzschmann, Moritz ! 1895 

1873. Gruner, L 1883 

1891. Kerl, Bruno 1906 

1895. Le Conte, Joseph 1901 

1891. Lesley, J, P 1896 

1890. Patera, Adolph 1890 

1886. Percy, John 1889 

1888. PosEPNY, Franz 1895 

1884. Bichter, Theodor 1898 

1899. Boberts-Austen, W. 0 1902 

1890. Serlo, Albert 1898 

1880. Siemens, 0. William 1888 

1872. Thomas, David 1882 

1873. Tunneb, Peter K. von 1897 

1885. Wedding, Hermann 1908 
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LIST OF THE MEETINGS OF THE INSTITUTE AND THEIR LOCAL- 
ITIES FROM ITS ORGANIZATION TO OCTOBER, 1911. 


Trans. 


No. Place. 

Date. Vol 

Page. 

1 Wilkes-Barre, Pa •• 

May. '71 1 

3 

2. Bethlehem, Pa 

..Aug., *71. 1 

10 

3 Troy, NY 

Nov., *71. 1 

IS 

4. Philadelphia, Pa 

...Feb., *72 1 

17 

5. New York, N. Y* 

May, *72 . 1 

20 

6. Pittsburg, Pa.. . . 

,Oct,’72..ri 

25 

7. Boston, Mass . . .. 

Feb., *73 1 

28 

8. Philadelphia, Pa* . 

.May, '73 2 

3 

9 Easton, Pa 

.Oct., '73 2 

7 

10. New York, N. Y 

..Feb , ’74 . 2 

11 

11 St Louis, Mo.* 

May, ’74 3 

3 

12. Hazleton, Pa 

Oct , '74 .. 3 

8 

13 New Haven, Conn . 

Feb., ’75.. 3 

15 

14. Dover, N. J.**- 

. May, '76 . 4 

3 

15. Cleveland, 0 . . 

Oct., ’75 4 

9 

16 Washington, D. C . 

Feb , ’76 4 

18 

17. Philadelphia, Pa.f 

June, '76 5 

3 

18. Philadelphia, Pa . 

..Oct.. ’76 . 5 

19 

19. New York. N Y 

..Feb , '77 . 6 

27 

20. Wilkes-Barre, Pa.**-.... 

..May, '77... 6 

3 

21. Amenia, N.Y 

..Oct , ’77... 6 

10 

22. Philadelphia, Pa 

•Feb,, '78.. 6 

18 

23. Chattanooga, Tenn. 

.May, '78 .. 7 

3 

24. Lake George, N. Y. .. 

..Oct, '78. 7 

103 

25. Baltimore, Md 

.Feb , '79.. 7 

217 

26 Pittsburg, Pa 

..May, ’79. . 8 

3 

27. Montreal, Canada 

..Sept., '79 8 

121 

28. New York, N Y.* 

.Feb , 'SO.. 8 

276 

29. Lake Superior, Mich 

Aug , '80 . 9 

1 

30. Philadelphia, Pa*... 

..Feb., '81 . 9 

275 

31 Staunton, Va 

..May, '81 10 

1 

32. Harrisburg, Pa 

Oct., ’81...10 

119 

33 Washington, D. C.*. . 

..Feb., ’82..10 

225 

34. Denver, Colo 

..Aug., '82..11 

1 

85 Boston, Mass.* 

..Fob , ’83..11 

217 

86. Roanoke, Va 

. June, '83 12 

3 

37. Troy, N Y 

,..Oct., ’83 ..12 

175 

38. Cincinnati, 0.* 

..Feb , '84 12 

447 

39. Chicago, 111 

..May, '84 . 13 

1 

40. Philadelphia, Pa 

..Sept., '84 .13 

285 

41. New York, N. Y.*, . . 

..Feb., ’85..1S 

585 

42. Chattanooga, Tenn. 

.May, '85 ..14 

1 

43, Halifax, N. S 

..Sept., 'S5..14 

307 

44. Pittsburg, Pa.» 

..Feb., '86..14 

587 

46. Bethlehem, Pa 

..May, '86. .15 

Ixiii. 

46. St Louis, Mo 

..Oct., '86 ..15 

I’Tir. 

47. Scranton, Pa.* 

..Feb , '87..15 

1 ; 

48. Utah and Montana... 

..July, ’87..16 

xvii. 

49. Duluth, Minn 

..July, *87..16 

xxiv. 

60. Boston, Mass.* 

..Feb.. *88..16 

xxviii. 

51. Birmingham, Ala 

.May, '88...17 

xix. 


Trans. 

No. Place. Date. Vol. Page. 

52. BufTalo, NY. ...... Oct., '88 17 xxiv. 

53. New York, N. Y . ..Fel) , ’89..17 xxxl. 

54. Colorado June, ’89..18 xTii. 

55. Ottawa, Canada Oct , *89 .18 xxiv. 

56. Washington, D. C Feh , '90 .18 xxx. 

67. New York, N Y Sept , '90 19 vii. 

58. New York, N Y.* Feb , ’91..19 xxv. 

59. Cleveland, O June, '91 .20 xvi. 

60. Glen Summit, Pa .. Oct., '91.. 20 Ixi. 

61. Baltimore, Md.* Feb., *92.21 xix. 

62. Plattsburgh, N. Y June, '92 21 xxxiil. 

63. Beading, Pa Oct., '92 ..21 xliv. 

64. Montreal, Canada^ ... .Feb , ’93 21 lii. 

65. Chicago, 111 Aug., ’93 22 xm. 

66. Virginia Beach, Va.* Feb , '94 .24 xvii. 

67. Bridgeport, Conn Oct., ’94...24 xxxv. 

68 Florida t Mar., ’95..26 xix. 

69. Atlanta, Ga Oct, *95 . 26 xxxiii. 

70. Pittsburg, Pa-** ....... .Feb, '96.26 xvii. 

71. Colorado Sept , ’96. 26 xxix. 

72. Chicago, 111 Feb., '97 27 xvii. 

73 Lake Superior July, ’97..27 xxx. 

74. Atlantic City, N J.* ... Feb , ’98..28 xvii. 

76. Buffalo, NY Oct, '98 ..28 xxxvi. 

76. New York, N. Y.* Feb , ’99..29 xvii. 

77. California Sept., '99 29 xlix. 

78. Washington, D. C.* . ..Feb., '00..30 xix 

79. Canada Aug., '00 SO xlv. 

80. Richmond, Ya * Feb., ’01..81 xix. 

81 Mexico Nov., '01..S2 cxviii. 

82. Philadelphia, Pa. g.. ..May, ’02 ..33 xxxv. 

83. New Haven, Conn. .. Oct., *02 . 83 xlvii. 

84 Albany, N. Y.* Feb., *03 34 xxiii. 

85 New York, N.Y Oct, '03.34 Ixi, 

86. Atlantic City, N. J.*. Feb., *04.. 35 xxiii. 

87. Lake Superior Sept., *04 35 xlii. 

88. Washington, D. C May, *05 . 86 xlii. 

89. British Columbia July, *06. .36 liii, 

90. Bethlehem, Pa Feb., *06 .37 xli, 

91. London, England July, *06. .37 xlviii. 

92. New York, N. Y April, *07..S8 lii. 

93. Toronto, Canada July, *07 38 lix. 

94 New York, N. Y Feb., '08 39 xli. 

95. Chattanooga, Tenn Oct., *08 . 39 xlviii. 

96 New Haven, Conn ... .Feb , '09. 40 xli. 

97. Spokane, Wash Sept, '09. .40 xlviii. 

98. Pittsburg, Pa ...Mar., '10 .41xxxviii. 

99. Canal Zone Nov., ’10...41 xlv. 

100 Wilkes-Barre, Pa June, '11 ..42 xxxiv. 

101. San Francisco, Cal Oct„ *11 ...42 xliv. 


* Annual meetixig for the election of officers. The rules were amended at the Chattanooga 
meeting, May, 1878, changing the annual election from May to February, 
t Begun in May at Easton, Pa., for the election of officers, and adjourned to Philadelphia, 

j Begun in February at New York City, for the election of officers, -’and adjourned to Florida, 
g tt tt u II (I K II <1 11 II II II <1 ^ Philadelphia. 
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PCJBLIOATIOFS. 


The publications of the Institute comprise : 

Transactions. 

The volumes of Transactions^ which are published annually, con- 
tain the list of officers, rules, etc,, the Proceedings, and the papers 
revised for final publication. These single volumes are for sale as 
follows, in paper covers : 


Vols. I. to IV. (inclusive), each, $3.00 

Vols. V. to YIII. (inclusive), each, 4.00 

Vol. IX., 10.00 

Vols. XL to XXIX. (inclusive), each, 5.00 

Vols. XXX. and XXXI., each, 6.00 

Vol. XXXIL, 5.00 

Vols. XXXIII. to XLI. (inclusive), each, .... 6.00 


Half-morocco binding, $1 extra per volume. 

Sets of back volumes, to members, libraries, and scientific socie- 
ties, at the following reduced prices : 

Per Set. 

I. Five volumes, bound in half-morocco, from No. 36 (1906) 

to No. 40 (1910), . $20 

II. Ten volumes, bound in half-morocco, from No. 31 (1902) 

to No. 40 (1910), including Mexican Volume, . . 35 

III. Twenty volumes, bound in half-morocco, from No. 21 

(1893) to No. 40 (1910), 50 

IV. Thirty volumes, bound in half-morocco, from No. 11 

(1883) to No. 40 (1910), 60 

V. Thirty-nine volumes, bound in half-morocco, from No. 1 
(1873) to No. 40 (1910), with the exception of No. 10 
(1882), but including index for Volumes Nos. 1 to 35, 

and Nos. 36 to 40, 76 

VI. Nine volumes, bound in half-morocco, from No. 1 (1873) 

to No. 9 (1881), 25 

Bulletin. 

Per annum, $10.00. (To members of the Institute, public libraries, 
educational institutions and technical societies, $5.00.) 

Single numbers, $1.00. (To members of the Institute, etc., $0.50.) 
Index^ Vols. L to XXXV. (inclusive). 706 pages. 

Bound in cloth, $5.00, half-morocco, .... $6.00 

Index j Vols. XXXVI. to XL. (inclusive). 

Bound in cloth, $1.60, half-morocco, .... 2.50 
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The Institute maintains at more than a hundred important 
mining centers throughout the world, free sets of its Transactions^ open 
for consultation without fee, to all suitable applicants. Hence, the 
value of these indexes is by no means limited to individual posses- 
sors of complete sets of the Transactions, 

Special Editions. 

The Genesis of Ore-Deposits,'^ comprising the famous treatise of 
the late Professor Franz Posepny, with the successive discussions 
thereof by Le Conte, Blake, Winchell, Church, Emmons, Becker, 
Cazin, Rickard, and Raymond; also, later papers by Van Hise, 
Emmons, Weed, Lindgren, Vogt, Kemp, Blake, Rickard, and others, 
and the discussions of these papers by De Launay, Beck, and many 
others; also a complete bibliography of Institute papers and dis- 
cussions on this subject from 1871 to 1902. 825 pages. 

Bound in cloth, $6.00, half-morocco, $7.00 

‘‘ The Evolution of Mine-Surveying Instruments,^^ Dunbar D. Scott. 

Bound in cloth, $3.50 

Year Booh, containing List of Members, Rules, etc,, paper; to 

Members of the Institute, $0.50 ; to others, . . 1.00 
Glossary of Mining and Metallurgical Terms (1881), cloth, . 1.00 
Spanish-American Mining and Metallurgical Glossary, bound 

in leather, pocket-size, 96 pages, 0.75 

Chart for the Solution of Kutter^s Formula, on cloth, . 0.50 

Pamphlets. 

1. The Minutes of the Proceedings of each meeting. 

2. Such of the papers presented or read by title at each meeting 
as are furnished by the authors and approved by the Council for 
full publication. These papers are published separately in pam- 
phlet form, and are marked “ subject to revision.’’ Beyond the 
Bulletin edition, a small supply is retained to meet subsequent de- 
mand. The stock is nearly complete from 1880. These papers are 
for sale at the following prices : 


No. OF Pages. 

Single Copies. 

10 Copies. 

20 Copies. 

24 OTi* 

$0.26 

0.30 

$2.00 

2.50 

$3.50 

26 to 48 

4.50 

49 to 80. 

0.35 

3.00 

6.00 

81 to 96 

0.40 

3.50 

6.00 

97 to 128 

0.46 

3.76 

6.25 

129 to 144 

0.50 

4.00 

6.60 

146 to 160 

0.65 

4.25 

! 6.75 

161 to 176 

0.60 

4.50 

j 7.00 




Authoks’ Edition op Pamphlets. 


Extra copies of pamphlets, if ordered before the printing of 
the Bulletin, will be furnished to members of the Institute at 
special rates. 



CONSTITUTION. 


[Adoptkjd Feb. 21, 1905 .] 

ARTICLE L 

Name and Object. 

c3bc. 1 This Institute is incorporated under the Membership Corporation La^ 
ot the State of New York ; its corporate name is American Institute of Mining 
Engineers ; and its objects are such as are stated in its Certificate of Incorpora- 
tion. 

ARTICLE II. 

Members. 

Sec. 1. The membership of the Institute shall comprise four classes, namely ; 
(1) Members ; (2) Honorary Members ; (3) Associates ; and (4) Honorary Asso- 
ciates. Only Members and Associates residing within the United States of 
America, Republic of Mexico and Dominion of Canada shall be entitled to vote 
at the meetings of the Institute. 

Sec, 2. All Members, Honorary Members, Associates and Honorary Asso- 
ciates of the American Institute of Mining Engineers as the same existed on the 
day of the incorporation of this Institute, are Members, Honorary Members, As- 
sociates and Honorary Associates, respectively, of this Corporation. 

Sec. 3. The following classes of persons shall be eligible for membership in 
the Institute, namely : as Members and Honorary Members, all professional min- 
ing engineers, geologists, metallurgists or chemists, and all persons practi sally 
engaged in mining, metallurgy or metallurgical engineering ; as Associates and 
Honorary Associates, all persons desirous of being connected with the Institute 
who, in the opinion of the Council, are suitable. 

Sec. 4. Every candidate for election as a Member or Associate of the Institute 
must be proposed for election by at least three Members or Associates ; must be 
approved by the Committee on Membership, as prescribed in the By-Laws ; and 
must be elected by the Council. Not less than three-fourths of the votes cast 
shall be necessary to an election. Every person so elected shall become a Mem- 
ber or Associate, as the case may be, upon payment of his first dues as herein- 
after prescribed. Each candidate for Honorary Member or Honorary Associate, 
must be recommended by at least ten Members or Associates ; must be approved 
by the Council ; and must be elected by ballot at a meeting of the Board of Direc- 
tors by the unanimous vote of all the Directors present ; provided, however, that 
the number of Honorary Members and Honorary Associates shall not at any time 
exceed twenty. 

Sec. 5, If any person elected a Member or Associate does not, within sixty 
days after notice of his election, accept the same and pay his initiation fee and 
dues for the current year, his election may be cancelled at the discretion of the 
Council. 

(xiv) 
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Sec. 6. The CJouncil may at any time change the classificatiun of a person 
elected as an Associate so as to make him a Member, or vice versa. All Members 
and Associates shall be equally entitled to the privileges of membership, provided 
that Honorary Members, Honorary Associates, and Members and Associates whose 
Post-Office addresses shall be outside of the United States, Mexico and Canada, 
shall not be entitled to vote. 


ARTICLE III. 

Dues. 

Sec. 1. The dues of Members and Associates shall be Ten Dollars per annum, 
payable in advance on the first day of each Calendar year. Each newly elected 
Member or Associate shall pay, when notified of election, an initiation fee of Ten 
Dollars in addition to the dues for the current year. Honorary Members and 
Honorary Associates shall not be liable to initiation fee or dues. Any Member or 
Associate in arrears for one year may, at the discretion of the Council, be de- 
prived of the receipt of publications or stricken from the list of Members, pro- 
vided that he may be restored to membership by the Council on payment of all 
arrears or may be again proposed and elected after an interval of three years. 

Sec. 2. Any Member or Associate not in arrears may become, by the payment 
of One Hundred and Fifty Dollars at one time, a Life Member or Associate ; and 
shall not be liable thereafter to annual dues, 

ARTICLE IV. 

Business Meetings op the Institute. 

Sec. 1. The annual meeting of the Institute for the election of Directors and 
transaction of other business shall take place on the third Tuesday in February in 
each year. A report of the financial condition of the Institute and an abstract of 
the accounts shall be furnished by the Directors, and presented at each annual 
meeting. 

Sec. 2. Special business meetings of the Institute may be held at such times 
and places as the Board of Directors may appoint, upon notice to all Members and 
Associates entitled to vote, directed to each at his last known Post-Office address, 
and mailed in the City of Hew York not less than twenty days befoie the date 
fixed for such meeting. 

Sec. 3. At all business meetings of the Institute the presence of nine Members 
and Associates shall constitute a quorum. 

Sec. 4. At all business meetings of the Institute Members and Associates may 
vote either in person or by proxy, but no Member or Associate in arrears since 
the last annual meeting shall be entitled to vote. 


ARTICLE V. 

Other Meeting® op the Institote. 

Sec. 1. All meetings of the Institute other than business meetings shall be held 
at such times and places as the Council may appoint. Notice of all such meet- 
ings shall be given to all Members and Associates by mail. 
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ARTICLE VI. 

Directors and Officers. 

Sec. 1. The business and financial aSairs of the Institute shall be managed by 
a Board of Directors, who shall be elected at the annual meeting in the mannei 
prescribed in the Certificate of Incorporation. 

Sec. 2. The officers of the corporation shall be a President, Vice-President, 
Secretary and Treasurer, who shall be elected by the Directors from among their 
number. All such officers shall be elected at the first meeting of the Board of 
Directors after each annual meeting of the corporation, and shall hold office for 
one year or until their successors are elected and qualify. 

The duties of all officers shall be such as usually pertain to their offices, re- 
spectively, together with such other duties as may from time to time be prescribed 
for them by the By-Laws. The Treasurer shall give a bond for the faithful per- 
formance of his duties in a sum to be fixed by the Board of Directors, but at the 
expense of the Institute. 

Sec. 3. In the event of a vacancy occurring in the Board of Directors by death, 
resignation or otherwise, the remaining members of the Board may, by a majority 
vote, elect a successor to fill the vacancy, who shall continue in office until the 
next annual meeting or until his successor shall have been chosen. 

Sec. 4. The Board of Directors may, in its discretion, declare the place of any 
Director vacant, on his failure for any reason, to attend three successive meetings 
of the Board. Any Director who shall under this section or in any other manner 
cease to be a member of the Board shall, at the same time, be held to have vacated 
any other office to which he shall previously have been elected ; and the Board 
shall elect a new incumbent to the said vacant office. 

Sec. 5 . The Board of Directors may from time to time appoint from their own 
number standing and special committees, and may delegate to such committees 
such duties as they may see fit. 

ARTICLE VII. 

Meetings of the Board of Directors. 

Sec. 1. A regular meeting of the Board of Directors for the election of offi- 
cers and the transaction of other business shall be held on the third Tuesday 
in February in each year, after the adjournment of the annual meeting of the 
Institute. 

Sec. 2, Special meetings of the Board of Directors, at which any business may 
be transacted, may be called to meet at any time at the office of the Institute in 
the City of New York, by notice in writing mailed at least five days before the 
meeting, by the Secretary to each member of the Board at his last known Post- 
Office address, signed either by the President or the Vice-President or by three 
members of the Board. 

Sec. 3. At all meetings of the Board of Directors the presence of five mem- 
bers shall constitute a quorum. 


ARTICLE VIII. 

The Council. 

Sec. I. The professional, technical, scientific and social interests of the Insti- 
tute shall be committed to the supervision of a Council composed of a President 
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Df the Council, six Vice-Presidents of the Council, a Secretary of the Council 
and nine Councilors, who shall be elected from among the Members and Asso- 
ciates of the Institute in the manner hereinafter prescribed Members of the 
Council may or may not be members of the Board of Directors. 

Sec. 2, The President of the Council shall be elected for one year, and no per- 
son shall be eligible for immediate re-election to this office who shall have held 
the same for two consecutive years. 

After the first year Vice-Presidents of the Council shall be elected to serve for 
two years, and Councilors shall be elected to serve for three years. No Vice- 
President of the Council or Councilor shall be eligible for immediate re-election 
to the same office at the expiration of the term for which he was elected. The 
Secretary of the Council shall be elected annually. 

Sec. 3. At the first annual meeting, to be held in the year 1905, there shall he 
elected a President of the Council to serve for one year, a Secretary of the Coun- 
cil to serve for one year, three Vice-Presidents of the Council to serve for one 
year, three Vice-Presidents of the Council to serve for two years, three Counchors 
to serve for one year, three Councilors to serve for two years, and three Councilors 
to serve for three years. At each subsequent annual meeting there shall be 
elected a President of the Council to serve for one year ; a Secretary of the Coun- 
cil to serve for one year j three Vice-Presidents of the Council to serve for two 
years ; and three Councilors to serve for three years. The term of office of aU 
Members of the Council shall continue until the adjournment of the meeting at 
which their successors are elected. 

Sec. 4. Vacancies in the Council may occur by death or resignation ; or the 
Council may, by the vote of a majority of all its members, declare the place of 
any officer or member of the Council vacant, on his failure for one year, from in- 
ability or otherwise, to attend the regular meetings or perform the duties of his 
office. All vacancies shall be filled by the appointment of the Council, and any 
person so appointed shall hold office for the remainder of the term for which his 
predecessor was elected or appointed ; provided that the said appointment shall 
not render such person ineligible for election to the Council at the next meeting. 

Sec. 5. The presence of five members of the Council shall constitute a quorum ; 
but the Council may appoint an Executive Committee, or any business coming 
within the authority of the Council may be transacted at a regularly-called meet- 
ing thereof, at which less than a quorum may be present, subject to the approval 
of a majority of the Council subsequently given in writing to the Secretary and 
recorded by him with the minutes. 

Sec. 6. The election of the Council shall take place at the regular annual meet- 
ing of the Institute. Nominations for members of the Council may be sent in 
writing to the Secretary accompanied with the names of the proposers at any 
time not less than thirty days before the annual meeting ; and the Secretary 
shall, not less than two weeks before said meeting, mail to every Member or As- 
sociate entitled to vote a list of all nominations for each office so received, to- 
gether with the names of the persons ineligible for election to each office; and 
if the Council or a Committee thereof, appointed for the purpose, shall have rec- 
ommended any nomination, such recommendation may also be sent to the Mem- 
bers and Associates with the list of all nominations made. 


B 
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ARTICLE IX. 

Meetings of the Council. 

Sec. 1. Meetings of the Council shall be held at such times and places as the 
President of the Council or one of the Vice-Presidents of the Council may appoint. 

Sec. 2. A iiKeting of the Council may be held on the day of the annual meet- 
ing of the Institute without previous notice. Written notice of all othei meetings 
of the Council, specifying the time and place of such meeting, signed by the Sec- 
retary, shall be mailed to every member of the Council at his last known Post- 
Office address at least ten days before the date of the meeting, 

ARTICLE X. 

Papers and Publications. 

Sec. 1. The Council shall have power to decide as to the acceptance and publi- 
cation of any professional papers presented to the Institute, subject to such con- 
ditions as the Board of Directors may prescribe. 

Sec. 2. The copyright of all professional papers communicated to and accepted 
by the Institute shall be vested in it, unless othei wise expressly agreed between 
the Council and the author. The Institute shall not assume responsibility for 
any statements of fact or opinion advanced in the papers or discussions at its 
meetings. Neither the Council nor the Institute shall officially approve or dis- 
approve any technical or scientific opinion or any proposed enterprise, outside of 
the management of the meetings, discussions and publications of the Institute, 
and the conduct of its business affairs by the Board of Directors. 

Sec. 3. Special Committees may from time to time be appointed by the Coun- 
cil to make investigations and prepare reports for presentation to the Institute, 
but no action shall be taken binding the Institute for or against the conclusions 
embodied in any such reports. 


ARTICLE XI. 

Suspensions and Expulsions. 

Sec. 1. Any member of the Institute who shall be convicted of a crime involv- 
ing, in the opinion of the Board of Directors, moral turpitude, shall, upon the 
passage by the Board of Directors of a resolution declaring the crime for which 
he has been convicted to be of such character, he thereupon dropped from mem- 
bership in this Institute. 

Sec. 2. Any member of the Institute may be suspended or expelled for mis 
conduct by the Board of Directors, after charges setting forth such misconduct 
shall have been prepared by the Council and filed in writing with the Board. 
Upon the receipt of such charges in writing, the Board may, in its discretion, sus- 
pend such member pending a hearing and determination thereupon. As soon as 
may be after the receipt of such charges, the Board shall fix a date for a hearing 
thereupon and shall give to the accused member notice thereof in writing, mailed 
to him at his last known Post-OfSce address not less than thirty days before said 
date, accompanied by a full copy of the charges and a copy of the second, third' 
and fourth sections of this article. 

Sec, 3. Upon the day fixed for the hearing, the accused member may appear’ 
before the Board, either in person or by an accredited representative ,* hear any* 
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witnesses who may be called in support of the charges and at his option cross- 
examine the same ; and hear read any documentary evidence offered in support 
of the charges. The accused may, in his discretion, produce and examine wit- 
nesses in his defence, and submit documentary evidence, including a statement 
from himself in writing. After the conclusion of the hearing, the Board of Direc- 
tors shall consider and vote to approve or disapprove the charges. If the Board 
shall, by a vote of two-thirds of its members, declare the charges sustained, it may 
suspend the member for a stated period or expel him. 

Sec. 4. If the accused member shall not appear at the hearing, and shall within 
three months thereafter file with the Board an affidavit stating that he had not 
received notice of the charges against him in time to enable him to present his 
defence, the Board shall fix a date for a re-hearing within three months from the 
receipt of such affidavit and shall immediately notify the accused member by mail 
of such date. Upon the re-hearing, the accused shall have the same privilege of 
presenting his defence as he would have had upon the original hearing ; and after 
the defence is presented, the Board shall take a new vote upon the charges, the 
result of which shall be conclusive. 

Sec. 5. All interests in the property of the Institute of persons resigning, or 
otherwise ceasing to be Members or Associates, shall vest in the Institute. 

ARTICLE XII. 

Amendments. 

Sec. 1. This Constitution or any Article or Section thereof may be amended at 
any annual meeting by a two-thirds vote of all the members present in person or 
by proxy, ^provided that notice of the proposed amendment shall have been given 
in writing at a previous meeting, and p'ovided also that the amendment or amend- 
ments so adopted shall have been printed and mailed to all Members and Asso- 
ciates not later than thirty days before the annual meeting. Any amendment or 
amendments approved by a majority of the votes cast shall be deemed to have 
been adopted, and shall become a part of this Constitution. The Secretary shall 
forthwith print and distribute to Members and Associates an announcement of the 
result of said vote, and if any amendment or amendments shall have been adopted, 
a copy of the section or sections so amended. 



BY-LAWS. 

[Adopted Feb. 21, 1905. Amended Feb. 20, 1906, Nov. 16, 1906, 

AND Jan. 5, 1909.] 

I. Presiding Oeficebs. 

At all Business meetings of the Institute the President, or, in his absence, the 
Vice-President, or, in the absence of both of them, any other member of the 
Board of Directors to be chosen by the meeting, shall preside. 

At all other meetings of the Institute the President of the Council or, in his 
absence, one of the Vice-Presidents, if present, shall preside. 

II. Order of Business. 

At each Business meeting of the Institute the order of business shall be as fol- 
lows : 

1. Beading of minutes of preceding meeting. 

2. Beport of the President. 

3. Beport of the Treasurer. 

4. Beport of the Secretary. 

5. Election of Directors. 

6. Election of Members of the CounciL 

7. Beports of Standing Committees. 

S. Beports of Special Committees. 

*9. Special Orders. 

10. Miscellaneous business. 

This order of business may be changed by a vote of a majority of the Members 
and Associates present in person or by proxy. 

Tlie usual parliamentary rules shall govern all meetings of the Institute except 
in cases otherwise provided by the Constitution or the By-Laws. 

At all sessions of the Institute other than business meetings, the order of pro- 
ceedings and the time of adjournment shall rest in the discretion of the presid- 
ing officer. 

III. Secretary. 

The Secretary shall keep a record of the proceedings of all meetings of the In- 
stitute. He shall be custodian of the Corporate Seal, of the Minute Books, and 
of all Legal Documents belonging to the Institute. He shall conduct, on behalf 
of the Institute, all correspondence relating to business matters, except such as 
pertains directly to the office of the Treasurer. 

He Shall notify all officers and Directors and Members of the Council, and all 
Members of Committees of their election and appointment ; shall issue notices of 
all meetings of the Board, and of the annual and other meetings of the Institute ; 
and shall, in calling special meetings of the Directors, specify the object of such 
meeting. 

IV. Secretary of the Council. 

The Secretary of the Council shall act as the Clerk of that body at all of its 
meetings and at all meetings of the Institute called for the discussion of profes- 
sional, technical or scientific matters, or for any other purpose than the transac- 
tion of business. * 

He shall be custodian of all technical or scientific papers submitted to the Im 

( 
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Btitute for its consideration, shall have charge of the editing and printing of all 
material published by the Institute, and of the distribution thereof. On the first 
day of May following the year in which each volume of Transactions is printed, 
he shall turn over to the Library Committee all copies of the same not thereto- 
fore distributed by him. He shall have charge of all the correspondence of the 
Institute relating to other than business affairs. 

The Secretary of the Council shall receive a salary to be fixed by the Board of 
Directors. He may appoint an Assistant with the title of Editor, who shall 
likewise receive a salary to be fixed by the Board of Directors. 

The Secretary of the Council may or may not be the same person as the Secre- 
tary of the Institute. 

V. Assistant Secretary. 

The Secretary may, with the approval of the Board of Directors, appoint an 
Assistant to whom both he and the Secretary of the Council may delegate such 
of his or their duties as he or they may see fit. This Assistant Secretary shall 
receive such salary as shall be fixed by the Board of Directors, which shall cover 
his services both to the Secretary and to the Secretary of tie Council. 

VI, Treasurer. 

The Treasurer shall collect and, under the direction of the Board of Directors, 
shall disburse all funds of the Institute. He shall keep regular accounts in 
books belonging to the Institute, which shall be open to any member of the Board 
of Directors. He shall report in writing at each annual meeting of the Insti- 
tute and at every meeting of the Board of Directors at which such report shall 
be called for, the balance of money on hand, and any existing appropriation 
which may affect the same. 

His accounts shall be audited annually by a Committee of three Members or 
Associates to be appointed by the President at least thirty days prior to the annual 
meeting in each year, which Committee shall report thereon at such annual 
meeting. 

The Treasurer may, at his discretion, place funds of the Institute, not at any 
time exceeding |5,000, in a special account in a Bank or Trust Company, subject 
to the draft of the Assistant Treasurer, and may delegate to the Assistant Treas- 
urer the duty of paying, out of this account, the current expenses of the Insti- 
tute. 

The Treasurer shall be sole’y responsible to the Institute for all moneys re-» 
ceived, whether the same are entrusted to the Assistant Treasurer or not. 

VII. Assistant Treasurer. 

The Treasurer may appoint, with the approval of the Board of Directors, an 
Assistant Treasurer, to whom he may delegate the duty of conducting the corre- 
spondence incidental to the office of Treasurer, of receiving and depositing in 
bank to the credit of the Institute all moneys received, and of paying, out of 
the special account upon which he may be authorized to draw, the necessary ex- 
penses of the Institute. The Treasurer may require of him a bond, running to 
the Treasurer personally, in an amount not exceeding $5,0C0, the expense of 
which shall be borne by the Institute. 

The Assistant Treasurer shall receive such compensation as shall be fixed by 
the Board of Directors. 

The offices of the Assistant Secretary and of the Assistant Treasurer may, if 
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SO desired by both the Secretary and the Treasurer and approved by the Board 
of Directors, be united in the same person, wlio shall then rece ve the salary of 
both* offices. 

The Assistant Treasurer may, with the approval of the Board of Directors, 
employ such persons as are necessary to constitute a clerical and office force for 
himself, the Assistant Secretary and the Secretary of the Council, at such sala- 
ries as shall he approved by the Board of Directors. He shall, if the offices of 
Assistant Secretary and Assistant Treasurer be united in ihe same person, be the 
immediate superior of all such employees, unless the Secretary of the Council or 
the Treasurer be present, in which event either of them shall be the superior of 
all employees, including their respective assistants. 

VIII. Standing Committees. 

The Standing Committees of the Institute shall be three in number, known re- 
spectively as the PiXAXCE Committee, the Libbaby Committee and the Com- 
mittee ON Membership. 

The Finance Committee and the Library Committee shall each consist of 
three members of the Board of Directors, and shall be appointed by the President 
at the first meeting of the Board, after the annual meeting in each year. 

The Committee on Membership shall consist of five Members of the Council, 
and shall he appointed by the President of the Council, at the first meeting of the 
Council after the first annual meeting in each year. 

IX. Finance Committee. 

It shall be the duty of the Finance Committee to inquire into and examine 
the financial condition of the Institute, and to consider ways and means of in- 
creasing its revenues and of limiting its expenses. It shall report from time to 
time to the Board as often as it may deem expedient, and whenever it shall be 
directed so to do ; and the Treasurer shall at all times furnish it with such state- 
ments and information as it may desire. 

It shall determine the investment of such surplus moneys as shall from time to 
time accrue to the Institute. It shall, at least once in each year, examine the 
securities belonging to the Institute in the custody of the Treasurer, and report 
thereon to the Board. 

It may, at any time, examine the books and vouchers of the Treasurer and As- 
sistant Treasurer. 

The Treasurer shall not be a member of the Finance Committee, but shall 
attend the meetings of the same if requested to do so. 

X. Library Committee. 

The Library Committee shall be the custodian of all books in the Institute 
Library and of additions thereto ; also of all back numbers of the Transaciiom of 
the Institute. It shall, on the first day of May, of each year, receive from the 
Secretary of the Council, and receipt for same to him, all the volumes of TVans- 
actiom for the preceding year, not then distributed by said Secretary. 

It shall cause to be kept, under the direction of the Assistant Secretary, a cata^ 
logue of all books in the Library and an account in ledger form of all volumes 
of Transactions in its custody, in which shall be charged to it all volumes delir^ 
ered to it, and in which shall be credited all volumes taken from its custody foi 
sale or for any other purpose. 
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The receipts from the sale of any volume of Transactions taken from the custody 
of the Library Committee shall be credited to the Library Committee on the 
books of the Treasurer, and devoted to the general purposes of the Institute. 

XI. Committee on Membership. 

All nominations for Members or Associates of the Institute shall be submitted 
to and passed upon by the Committee on Membership, who shall report thereon 
to the Council. It shall receive and consider all communications respecting can- 
didates, and shall make diligent inquiry as to the character and qualifications r 
each one. Its proceedings shall be secret and confident 'al. 

No member of the Committee shall propose any candidate. 

XII. Election of Members. 

After the Committee on Membership shall have reported to the Council its 
conclusions as to the acceptability of each candidate, the Council shall vote upon 
the same. 

Two negative votes of members of the Council present shall prevent the elec- 
tion of any candidate. No person shall be proposed for election to the Institute 
within one year after his name shall have been rejected by the Council. 

XIII. United Engineering Society. 

The Board of Directors shall, at its first meeting after the adoption of these 
By-Laws, designate three Members or Associates of this Institute to be represent- 
atives of this Institute upon the Board of Trustees of the United Engineering 
Society, making at the same time provision for the expiration of the terras of 
office of said representatives, as provided in the By-Laws of the said United 
Engineering Society. 

At the last meeting of the Board of Directors prior to the first day of each 
January thereafter, the Board shall designate a Member or Associate of this In- 
stitute to be a representative of this Institute upon the Board of Trustees of the 
said United Engineering Society for a period of three years beginning at the 
next ensuing annual meeting of said Society. 

At any time when a vacancy shall occur in the representation of this Institute 
in the Board of Trustees of said Society, by reason of the death, resignation or 
removal of any such representative therein, the Board of Directors of this Inst^ 
tute shall designate a Member or Associate to fill such unexpired term. 

XIV. PUBLIOATIONS. 

The publications of the Institute shall include a periodical, called the Bullett% 
of the American Institute of Mining Engineers, which shall contain reports oi 
proceedings, professional papers, notices, and other matter of interest to members. 
From the annual dues paid by each Member or Associate, five dollars shall be 
deducted and applied as a subscription to the Bvllefin for the year covered by such 
payment. 

XV. Amendments. 

These By-Laws may at any time be altered or amended by a vote of two- 
thirds of the Board of Directors, or by the Members, at a business meeting of 
the Institute, in the same manner provided for amendments of the Constitution 
in Article XII. thereof. 
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ANNUAL MEETING OF THE INSTITUTE. 

At the Annual Business Meeting of the Institute, held Feb. 
21, 1911, the following officers were elected : 


Charles Kieohhoff, 

Council. 

President. 

(To serve for one year ) 

New York, N. Y. 

S. B. Christy, 

Vice-Presidents. 

(To serve for two years ) 

Berkeley, Cal. 

W. A. Lathrop, . 



Philadelphia, Pa. 

Gardner P. Willtams, 

>•..** 

Washington, D. 0. 

K. W. Eaymond, 

Secretary, 

(To serve for one year.) 

New York, N. Y. 

A. E. Carlton, . 

Councilors. 

(To serve for three years.) 

Cripple Creek, Colo. 

W. J. OXOOTT, 

. . . . . 

Duluth, Minn. 

E. L, Young, 



New York, N. Y. 

James Douglas, . 

Directors. 

(To serve for three years ) 

New York, N. Y. 

James F. Kemp, . 

. 

New York, N. Y. 

Albert R. Ledoux, . 


New York, N. Y. 


[Secretary's Note. — Tlie complete list of all ofi&cers of the Institute will be 
found on p. vii. of this volume. The following explanation, first published in J9i- 
Monthly Bulletin, No. S, March, 1906, p. viii,, is here repeated in order to recall 
to old members, and convey to new ones, the relations of the two governing bodies 
as determined by the Certificate of Incorporation of the Institute, and the Con- 
stitution and By-Laws adopted in accordance therewith. 

The body legally responsible for the business management is the Board of nine 
Directors (three elected annually to serve three years), which elects its own offi- 
cers. This body, for reasons of practical convenience, is composed of well-known 
members residing in New York City, and able to attend, without serious incon- 
venience or expense, the necessary meetings of the Board. The officers of this 
Board are legally the officers of the Institute. But, apart from business manage- 
ment, the Board exercises no control over the election of members, or the pro- 
fessional and technical work of the Institute, except that its vote is required to 
elect honorary members, upon the recommendation of the Council. 

The Council is a body constituted in all respects (except that it has no Treas- 
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urer) like the Council existing before the incorporation of the Institute, in Jan- 
uary, 1905, and charged with all duties and powers, except those which the 
Board of Directors must legally perform. It elects members, appoints the times 
and places of professional meetings, and controls the publication and distribution 
of papers and volumes, etc. Its members (President, Vice-Presidents and Coun- 
cilors) are elected by the members of the Institute, voting in person or by proxy, 
and after publication of the nominations received ; and it is intended to repre- 
sent, as far as practicable, both the professional and the geographical distribution 
of the membership. Consequently, whatever professional honor attaches to offi- 
cial position belongs to membership in the Council, rather than in the legal 
Board of Directors. This remark implies no disparagement of the members of 
the latter body, every one of whom has served, or is now serving, as a member of 
the Council. But it is only fair to explain that their election and continued re- 
election as Directors is simply a matter of legal convenience. ] 

PaoPOSED Amendment to the Constitution. 

The proposed amendment of Article III. of the Constitution, 
changing the annual dues from $10 to $16, notice of which was 
originally given at the Annual Meeting of February, 1909, and 
the consideration of which was postponed by the Annual Meet- 
ing of February, 1910, was fully discussed, and by unanimous 
vote of 501 members, present in person and by proxy, it was 

Voted . — That the consideration, of the proposed amendment 
to Article III. of the Constitution, whereby the word “ fifteen ” 
is substituted for the word “ ten ” in the first line of said Arti- 
cle, he postponed to an adjourned session of this meeting, to be 
held at a time fixed by the Board of Directors upon due no- 
tice being given as provided by Article TV., Section 2, of the 
Constitution for the calling of special business meetings. 

Provided that, if the Board of Directors shall not call such 
adjourned session, then the consideration of this proposed 
amendment shall be in order at the Annual Meeting of Feb- 
ruary, 1912, and 

Provided also that, .for the purpose of the said consideration 
of this amendment, or any proposed amendment thereof, new 
proxies shall he sent to all members and associates entitled to 
vote, which shall be so drawn as to cover the questions thus 
concerned, and permit an intelligent vote thereon. 
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PROCEEDIFGS OF THE BOARD OF DIRECTORS. 

The following acts of the Directors are reported for the in- 
formation of members : 

At a meeting held Dec. 9, 1910, Dr. Tsunashiro Wada, of 
Tokyo, Japan, was, upon the recommendation of the Council, 
unanimously elected an Honorary Member of the Institute. 

At a meeting held Jan. 11, 1911, Mr. Theodore Dwight, 
Treasurer of the Land Fund Committee, presented a report of 
the work done by this committee during the year 1910, -which 
shows a total of subscriptions collected during the year of 
|2,070, and promised subscriptions of $16,000. Payments were 
made by this committee on the land mortgage during the y’ear 
amounting to $8,000, reducing the debt of the land fund from 
$88,000, Jan. 1, 1910, to $85,000, Jan. 1, 1911. The deferred 
payments, amounting to $16,000, together with the present 
balance on hand of $209.75, totaling $16,209.75, will further 
reduce the balance due on the land mortgage to $68,790.25. 

Mr. Theodore Dwight was unanimously elected a trustee of 
the United Engineering Society, to serve for a term of three 
years, succeeding Mr. Charles Kirchhoff, whose term expired 
January, 1911. 

At a meeting held Feb. 21, 1911, the following officers were 
elected: iVesirfen/, James Gayleyj Uice-fVesi<feni!, James Doug- 
las; Secretary, R, W. Raymond; Treasurer, Frank Lyman. 

The folio-wing standing committees were appointed to serve 
during the ensuing year : 

Finance Committee: James Douglas, Theodore Dwight, and 
Albert R. Ledoux. 

Library Committee : James F. Eemp, Charles H. Snow, and 
R. W. Raymond. 


Financial Statement. 

The following statement of receipts and expenditures from 
Jan. 1 to Dec. 81, 1910, is published by authority of the Board 
of Directors: 
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Receipts. 


Balance from statement of January, 1910, 

Annual dues,* ... .... 

Life membersliips, ... .... 

Initiation fees, . . .... 

Binding of Transactions^ 

Sale of publications, electrotypes, advertising, and miscel- 
laneous receipts, 

Interest on bank deposits, .... 


$0,548. 59 

$34,148.88 
880.00 
1,829 74 
3,373 10 

13,856.45 

54,088.17 

206.55 


Disbursements. 


$59,843 31 


Printing Vol XL. of the Transactions, Bulletin, extra 
pamphlets, and advertising expenses, etc., 

Printing circulars and ballots, 

Binding Vol. XL. of the Transactions, .... 

Binding miscellaneous volumes, 

Engraving and electrotyijing, 

Secretarv’s department, including clerks, stenographers, 
and expenses of editing and proof-reading, and special 
assistance in connection with meetings, .... 
Treasurer’s department, including collection of dues, ship- 
ping, etc., 

Librarian and assistants, ... . . 

Postage, . . 

Stationery, . . 

Express and freight charges, . . ... 

Telephone, ... 

Telegrams, cables, carfares, etc., 

OflSce supplies and repairs, . . ... 

Refunding miscellaneous payments, . . . . 

Insurance premiums (Fire and Surety), .... 

Collection charges, 

Extra clerical assistance, ....... 

Special stenographers and expenses of meetings. 

Auditing, 

Office cleaning and sundry expenses, .... 

Interest at 4 per cent., for 1910, on unpaid balance of 
land mortgage on 25 to 33 West 39th St ($88,000, 
January 1, 1910, reduced to $85,000 January 1, 1911), 
Quota of current expenses of building 25 to 33 West 
39th St, 

Special editing, part payments on printing and binding 
special edition, new volume of Genesis of Ore-Deposits, 
Library additions of books, periodicals, etc., binding of 
exchanges, and stationery (expenditure from appropria- 
tion of $2,500.00), 

Furniture and Fixtures, 

Balance, 


$14,574.16 

196.70 
3,458.00 

256.70 
780.31 


10,63L67 

6,473.67 
1,484 54 
3,844 12 
- 545 88 
1,719 48 
245.45 
74.34 
121.57 
38.87 
204.65 
34.14 
27.42 
1,466.96 
125.00 
39.76 

$46,350.39 


3.520.00 

4.500.00 

8,020.00 


110.55 


1,163.63 
260 57 
3,938.17 


$59,843.31 


New York, N. Y., January 21, 1911. 

We have examined the above statement, compared it with the books and vouchers 
and find same correct. 

(Signed) Barrow, Wade, Guthrie & Co., 

Certified Public Accountants, 


* $17,045 of this amount has been applied to subscriptions to the Bulletin in 
accordance mth post-office regulations. 
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REPORT OF THE OOUFOIL FOE THE TEAR 1910. 

The following acts of the Council are here published for the 
information of members : 

At the meeting of the Council, Dec. 9, 1910, Prof. Tsuna- 
shiro Wada, of Tokyo, Japan, was unanimously recommended 
to the Board of Directors for election as an Honorary Member 
of the Institute in recognition of his eminent services to the 
sciences and industries represented by the Institute. 

Mr. H. D. Hibbard was appointed to represent the Institute 
on Committee Ho. 24 of the International Association for Test- 
ing Materials, on the nomenclature of iron and steel. 

On Feb. 21, 1911, Messrs. W. L. Saunders and George C. 
Stone were appointed delegates to the Eighth Session of the 
International Congress of Applied Chemistry, Hew York, Sep- 
tember, 1912. 

Committee on MemhersTiip : (to serve during ensuing year) 
Benjamin B. Lawrence, Karl Eilers, Charles F. Rand, Edward 
L. Young, and R. W. Raymond. 

Institute Meetings. 

There were two meetings of the Institute held during the 
year 1910 for the reading and discussion of papers — the 
Hinety-eighth Meeting, in Pittsburg, Mar. 1 to 5, and the 
Hinety-ninth Meeting, and excursions, in the Canal Zone, Oct. 
21 to Hoy. 15. 

A detailed record of the proceedings of these meetings, in- 
cluding a description of the entertainments and excursions 
connected therewith, has been published and duly distributed 
to the members: the Pittsburg meeting in Bulletin Ho. 40, 
April, 1910, pp. 311 to 334, and the Canal Zone meeting in 
Bulletin Ho. 48, December, 1910, pp. 1017 to 1054. At the 
Pittsburg meeting there were presented 48 papers and 12 dis- 
cussions, oral and written; in these discussions 15 separate con- 
tributors participated. At the Canal Zone meeting there were 
presented 49 papers and 9 discussions, oral or written; in these 
discussions 65 contributors participated. At the Pittsburg 
meeting the names of 165 members and guests were registered 
at the Institute headquarters ; this number, however, does not 
represent all who were present at the sessions and the excur- 
sions. In connection with the Canal Zone meeting, the num- 
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ber of members and guests comprising the Institute party on 
the steamer Prinz August Wilhelm was 122, but the total num- 
ber participating in the excursions, in Havana, Kingston, and 
the Canal Zone, or attending, in whole or in part, the sessions 
at Ancon, exceeded 300. 

Publications. 

Transactions. — Volume XL, of the Transactions, an octavo of 
1,002 pages, comprising 50 papers and 17 discussions presented 
during the year 1909, was issued and distributed to members 
in J une, a little earlier in the year than the corresponding ap- 
pearance of Volume XXXIX. Most of the material for Vol- 
ume XLI., forming in all about 1,000 pages, is in the hands of 
the printer, and it is expected that the bound volume will be off 
the press and ready for distribution in June, 1911. 

Bulletin. — Twelve numbers of the Bulletin (Xos. 87 to 48), 
containing the technical papers and discussions of the Institute 
(in “ subject to revision” form) and announcements of general 
interest to the members of the Institute, such as Library acces- 
sions and requirements during the year 1910 ; notices of meet- 
ings of the Institute and of other societies ; lists of proposed 
members and associates ; changes of address ; deaths of mem- 
bers; obituary notices; Index of Titles and Authors, etc., 
have been published and distributed promptly throughout the 
year 1910. The number of pages occupied by technical papers 
and discussions amounts to 1,066, to which are to be added 340 
pages of announcements, and 272 pages of advertising matter, 
making a total of 1,678 pages of printed matter. 

The editorial and business management of the Bulletin, Vol- 
ume XL.'Jand the forthcoming Volume XLI. of the Transac- 
tions continues in charge of Dr, Joseph Struthers, Assistant 
Secretary and Editor of the Institute. 

Membership. 

Changes in membership have taken place during the year as 
follows: 1 honorary member, 170 members, and 5 associates 
have been elected ; 3 members have been reinstated ; 4 asso- 
ciates have become members ; the deaths of 47 members and 
1 associate have been reported; 85 members and 6 associates 
have resigned; and 112 members and 8 associates have been 
dropped from the roll by reason of non-payment of dues, loss 
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of correct address, etc.* These changes are shown in the 
accompanying table. 

The total membership on Jan. 1, 1911, was 4,210, as com- 
pared with 4,284 on Jan. 1, 1910. 


3Ie/iibe)'s}dp of ths Ayiierican Institute of JUimng Engitieevs, 
Jan. 1, 1911. 



Honorary 

Members. 

Honorary 

Associates 

Members 

Associates 

1 Totals. 

Membership Pec 31, 1909 

14 

1 1 

1 

1 

4,111 

170 

158 

1 5 

' 4,284 
176 




4 


4 



3 



3 



85 

6 

90 

iilil. UJ, V * 



4 

4 

Dyg............. 



112 * 

47 

3 

1 

' 115 

48 


■ i 


177 

5 

183 




244 

13 

257 

Membership Pec. 31, 1910 

1 16 1 

1 

4,044 

150 ; 

4,210 


The list of deaths reported during the year 1910 comprises 
the following names, the figures in parentheses indicating the 
y^ear in which the persons named were elected to membership . 

Members and Associates . — ^Masayoshi Abe (1905), W. Edward 
Adams (1903), James Archbald (1887), John H. Bartlett (1890), 
William F. Biddle (1881), William P. Blake (1871), Wager 
Bradford (1902), Arthur Brock (1887), Fayette Brown (1895), 
Henry Burrell (1900), Jos^ Calero (1901), Frank J. Campbell 
(1899), Frank R. Carpenter (1887), Octave Chanute (1879), 

B. W. Codington (1890), E. Prewitt Coleman (1908), Francis 
V. Drake (1907), Charles H. Ferry (1891), James W. Fuller 
(1894), Paul A. Fusz (1879), Edward C. Hegeler (1881), Gus 

C. Henning (1886), A. D. Hodges, Jr. (1884), John W. Hoft- 
man (1876), Ottokar Hofmann (1884), Thomas A. Irvin (1906), 
Guy E. Johnson (1889), Alfred Kimber (1907), Herbert H. 
Light (1906), Edmund D. ISTorth (1902), Josiah Owen (1900), 
Charles B. Parsons (1874), Ernest Y. Pomeroy (1906), Pietro 
Redaelli (1905), Ferd H. Eegel (1900), William H. Sehlemm 
(1888), John C. Sevier (1906), H. A. Shipman (1899), Albert 
Spies (1881), Herbert 8. Stark (1897), John Sutclifle (1887), 
James P. Wallace (1897), Thomas F. Walsh (1900), S. Bowman 
Wheeler (1892), Wilfred F. Wheeler (1907), Frederick de L. 
Williams (1899), A. B. Wood (1882), Alfred F. Wuensch (1900). 

* Many of these, no doubt, will be reinstated, as has been the case in former 
years. 
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MEMBERSHIP. 

The following list comprises the names of those persons 
elected as members, who dnly accepted election during the 
year 1911. The marks used to designate the different classes 
of membership are: Life Member, Member,*; Associate 
Member, f- Heavy-faced type signifies Honorary Membership. 


*Apgar, Frederick W., Jamaica, N. Y. 
*Arclibald, Hugh, Scranton, Pa. 
*Bailey, A. C., Cobalt, Ont., Canada. 
■^Barker, George, Eosebery, Tasmania. 
*Beeken, Lewis L., Pittsburg, Pa. 
*Binford, Charles M , Stanaford, W. Va. 
*Borie, Adolph E., Hew York, N Y. 
*Bowen, David, Leeds, England. 
*Bowler, Robert P , New York, N. Y. 
fBridgman, John C., Wilkes-Barre, Pa. 
*Brindle, A. C., Victoria, B. C., Canada. 
*Brodrick, Carlton T., Kyshtim, Perm 
Govt , Russia. 

*Brown, A. L., Wallaroo, So. Australia. 
^Brown, Charles H., Magdalena, N. M. 
’^Browne, Spencer C., Oakland, Cal. 
*^Brunton, F. K., Anaconda, Mont. 
*Bryden, Alexander, Dunmore, Pa. 
^Buchanan, Jerome R , Bodie, Cal. 
*Burch, Henry K, Globe, Ariz. 

*Bush, Morris W., Woodward, Ala. 
*Cahoone, William M., Benton, Cal. 
*Carlyle, Ernest J., Kyshtim, Perm 
Govt., Russia. 

*Cavazos, E., Saltillo, Coah., Mexico. 
*Chadbourne, Humphrey W., West 
Palm Beach, Fla. 

*Chance, Edwin M., Pottsville, Pa. 
*Chartier, George M., Los Angeles, Qal. 
*Chase, Fred M., Wilkes-Barre, Pa. 
*Clark, John E., Riverside, Cal. 
*Clarke, Alexander C , Midgham House, 
near Reading, England. 

*Corbin, James R , Philadelphia, Pa. 
*Cox, Guy H., Rolla, Mo. 

♦Crabtree, Fred, Pittsburg, Pa. 

♦Cuellar, Salvador, Ojenaga, Chih., Mex. 
♦Daniels, Joseph, South Bethlehe'm, Pa. 
♦Davis, Henry G., Kingston, Pa. 
♦Davis, John A., Washington, D. 0. 
tDeming, Henry C., New York, N. Y. 


I ♦Devereux, W. B , Jr., New York, N. Y. 
♦Dixon, Abner F., Bombay, India. 
♦Dobbs, Gerald G., Bessemer, Ala. 
♦Dodge, David C., Denver, Colo. 
♦Dodge, William F., Wilkes-Barre, Pa. 
^Dorrance, Charles, Jr., Lansford, Pa. 
♦Duck, George F., Denver, Colo. 

♦Dull, A. J., Harrisburg, Pa. 

♦Duncan, G. S , London, E. 0., England. 
♦Dunstan, S. P., Oyon, Peru, So. Am. 
♦Durkee, F. W., Tufts College, Mass. 
♦Dutton, Charles E , Goldfield, Nev. 
♦Earling, Roy B., Ray, Ariz. 
♦Edelsteen, Karl J., Exeter, Cal. 
♦Ederheimer, Leopold, New Yoik, N. Y. 
♦Emmel, Rudolph, Boston, Mass. 
♦Engel, George W., Scranton, Pa. 
♦Enzian, Charles, Wilkes-Barre, Pa. 
*Eu, Siang Hye, Nanking, China. 
♦Fenner, Charles H , Los Angeles, Cal. 
♦Fisher, Howell T., Germantown, Pa. 
♦Foster, D. F., San Julian, Chih., Mex. 
♦Fraser, Lee, Ormo, Bolivia, So. Am. 
♦Fukitome, Kinosuke, Formosa Govt., 
Taipeh, Japan. 

♦Gard, I. R., Victoria, B. C , Canada. 
♦Gayford, Ernest, Salt Lake City, Utah. 
♦Gennet, Charles W., Jr., Chicago, 111. 
♦Gibbons, C. A., Zimapan, Hid., Mexico. 
♦Goldsworthy, J., Vancouver, B. C., Can. 
♦Goode, Ewart N., Port Kembla, N.S. W. , 
Aust. 

♦♦Gordon, A.R.,San Juancito, Honduras. 
♦Griffith, William, Scranton, Pa. 
♦Grover, M. B. , Haileybury, Ont., Can. 
♦Hamilton, E. H., West Norfolk, Va. 
♦Hansen, Fred, Garfield, Utah. 
♦Harada, Shinji, Tokyo, Japan. 

♦Harris, A. L., Agujita, Coah., Mexico. 
♦Hart, V. A., Cananea, Son., Mexico. 
♦Hasegawa, Kanji, Kagoshima, Japan. 
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*Heimer, P. H., Porcupine, Ont , Can. 
*Henderson, Charles W., Denver, Colo. 
^Herrmann, Charles E , Kew York, N. Y. 
*HoSttiann, A. 0 , Meainorskaja, Russia. 
*Hopper, Walter E., Madison, Wis. 
*Hotchkia, M W., Hailey burr, Ont., Can. 
*Houck, Charles B., Hazleton, Pa. 
*Howell, Franklin D., Los Angeles, Cal. 
*Hower, Charles L , Spokane, Wash. 
tHuang, Saosan Ken, So. Bethlehem, Pa. 
*Hul)er, Chailes F., Wilkes-Barre, Pa. 
*Hunter, C. , Pilgrims Rest, Transvaal, 
So. Africa. 

^Hutcheson, W. C. , Belle Ellen, Ala. 
*Inouye, Koji, Shimotsuke, Japan, 
*Ives, Glen P., Illapel, Chile, So. Am. 

^ James, William E., Carbon, W. Va. 
^Jeffreys, G., Tampico, Tamps., Mexico. 
* Jewett, Freeland, Boston, Mass. 
^Johnson, E. H., East Rand, Transvaal, 
So. Africa. 

"^Kane, John 1., El Paso, Texas. 

*Kano, SMnichi, Osaka, Japan. 
tKennedy, Arthur T., Kinney, Minn. 
^Kennedy, Joseph E., New York, N. Y. 
*Kenney, Robert M., Golden, Colo. 
*Kepner, Ross B , Sierra, Coah., Mexico. 
*Kiddie, John, Morenci, Ariz. 

^Ko, Sokichi, Fukuota, Japan. 
*Kohlbraker, F. H , Nanticoke, Pa. 
*Kramm, Hugo E., Ithaca, N. Y, 
*Kruemmer, A. W , New York, N. Y. 
*La Croix, Morris F., Ishpeming, Mich. 
^Lanagan, William H., Nikolaievsk-on- 
Amur, E. Siberia. 

*Law, A. F., Scranton, Pa. 

*Leckie, J. E., Cobalt, Ont., Canada. 
*Leisenring, A. C., Upper Lehigh, Pa. “ 
*Le Noir, F. H., Mount Bullion, Cal. 
*Linton, R. A., Tuquerres, Colombia, 
So, America. 

*Lippincott, J. B., Los Angeles, Cal 
*Locke, Augustus, Hampton, N. H. 
*Logan, Spencer E., Telluride, Colo. 
^London, Clarence J., Philadelphia, Pa. 
*Loomis, Willis H., Jeddo, Pa. 
^McCosh, A. K., Coalbndge, Scotland. 
^McMahon, F. J., Wilkes-Barre, Pa. 
^McEandle, W. E., Bessemer, Mich. 
^Macauley, Rupert M,, Copper Cliff, 
Ont., Canada. 

^Manahan, Robert F., Cambridge, Mass. 


*Mansfield, Melvin, Salt Lake City, Utah* 
*Marquard, William B. , Easton, Pa. 
*M aster, N. M., Ipoh, Perak, F. M. S. 
*Matsukata, Otohiko, Echigo, Japan. 
*Mavor, Sam, Glasgow, Scotland. 
*Maynard, Thomas P., Atlanta, Ga. 
*Menefee, Arthur B , Wharton, N. J. 
*MerriU, Monroe E., Hollywood, Cal. 
*Meyerovitch, Joseph A , St. Petersburg, 
Russia. 

*Miller, B. Le R., South Bethlehem, Pa. 
*Mills, Kenneth, Jacala, Hid., Mexico, 
i ^Montgomery, Ernest A., Los Angeles, Cal. 
*Mostowitsch, Wladimir, Riga, Russia. 
*Moxham, Arthur J., Wilmington, Del. 
*Murota, Yashibumi, Tokyo, Japan. 
*Naito, Hisahiro, Echigo, Japan. 
*Newell, G. S., Matehuala, S.L.P., Mex. 
tNicholson, S. T., Wilkes-Barre, Pa. 
^Nighman, C E., Silver Centre, Ont., Can. 
*Nishimura, K., Fimatsu, Hida, Japan. 

! *Opie, N., Wallaroo Mines, So. Australia. 
*Orbison, Thomas W., Appleton, Wis. 
*Palmer, Irving A., Springfield, 111. 
*Parry, C. F., Germiston, Transvaal, 
So. Africa. 

^Peale, Rembrandt, New York, N. Y. 
*Peck, Walter R , Big Stone Gap, Va. 
*Penhallegon, W. J., Birmingham, Ala. 
*Pettebone, Edgar R., Scranton, Pa. 
*Playter, Joseph H., Golconda, Nev. 
fPrince, Ernest, Chicago, 111. 

*Qum, Robert A., Wilkes-Barre, Pa. 
^Radcliffe, Alfred, Copiapo, Chile, S. A. 
^Randall, David V., Minersville, Pa. 
fRehfuss, Louis A., Telluride, Colo. 
^Richard, G. M., Latouche, Alaska. 
*Roeber, E. F., New York, N. Y 
^Rogers, William B. , New York, N. Y. 
tRussell, Charles M., Massillon, Ohio. 
*Sacket, Charles T., Livingston, Mont. 
fSahlin, Robert C., Bethlehem, Pa. 
*Sanders, B. H., Cartagena, Colombia, 
So. America. 

*Scaife, Hazel L., Clinton, S. C. 
*Scheble, Max C., Lampacitos, Coah., 
Mexico. 

*Schwennesen, Alvin T., Clayton, Cal. 
*Shaw, Alexander J. M., Chiao Tso, 
Honan, No. China. 

*Shutts, A. B., Manillas, Zac., Mexico. 
*Simpson, Kenneth M., Reno, Nev. 
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*Sinn, Francis P., Palmerton, Pa. 
*Sirdevan, W. H., San Francisco, Cal. 
*Slee, W E., Wallaroo, So. Australia. 
*Smitli, Henry P , Guanajuato, Mexico. 
*Smith, Sumner S., Juneau, Alaska. 
*Spicer, Philip O. , Kelowna, B C , Can, 
*Squires, Howard W., Los Angeles, Cal. 
^Sterling, Paul, Wilkes-Barre, Pa. 
*Stevens, Arthur W., Atlanta, Idaho. 
*Stevenson, George E., Scranton, Pa. 
fStillman, James S., Catasauqua, Pa. 
*Storrs, Arthur H., Scranton, Pa. 
*Tainter, F. S., Hoboken, N. J. 
*Takenouchi, Korehiko, Prov. Hitachi, 
Japan. 

*Thayer, Keginald H , Yonkers, K. Y. 
*Thomas, Charles S., Jr., Denver, Colo. 


*Thomas, Edmund, Dawson, N. M. 
*Tryon, Charles T., Boston, Mass. 
*Van Horn, Frank R,, Cleveland, Ohio. 
*Verrill, C. S , Vancouver, B. C., Can, 
^Waite, Henry M., Dante, Va. 

* Warren, Oscar Bird, Hibbing, Minn, 
t Weaver, Henry M., Mansfield, Ohio. 

* Wentworth, Henry A., Boston, Mass. 

* Whitehead, Harry F., Inman, Va. 
^Whittier, Charles C , Chicago, 111. 
*Wood, Richard G., Conshohocken, Pa. 
*Wolf, Artin Y., San Diego, Cal. 
fWoollcombe, R L , Dublin, Ireland. 
fYates, James, Sublet, Wyo. 

*Zapfie, Carl, Brainerd, Minn. 
^Zoffman, G. F., Guanajuato, Mexico. 


Deaths. 


The following list comprises 
deaths have been reported to 
during the year 1911 : 

Date of 

Election. Name. Date of Decease. 

1906. *Affleck, W., Sept. 2, 1911. 

1905. ^Alabaster, E. C., Feb. 12, 1911. 
1899. *Alberger, L. R , Jan, 31, 1911. 
1903. ^Bamberger, S. M. , May 10, 1911. 

1901. *Briggs, R. E., May 5, 1911. 
1908. *Brill, Paul K., Mar. 3, 1911. 

1875. *Brown, A. E., Apr. 26, 1911. 

1879. *Bulkley, H. W., Hov. 7, 1911. 

1876. ^Chouteau, P., Nov. 21, 1910. 
1882. *Collingwood, F., Aug. 18, 1911. 
1903. *Cosby, Robert P. Apr. — , 1910. 

1906. *Culbert, M. T., Mar. 14, 1911. 

1897. *Diggles, J. A., May 14, 1910. 
1881. *Dods, John C., Sept. 1, 1911. 

1877. *<^Emmons, S. F., Mar. 28, 1911. 
1903. *Emrich, H. EL, Oct. 18, 1911. 

1902. **^Forrester, R., Dec. 20, 1910. 

1898. *Grave, Percy, Jan. 22, 1911. 
1896. ^GrUlo, Julius, Mar. 1911. 
1887. *Grubb, C. B., Nov. 12, 1911. 

1890. *Hesse,C. E., May 30, 1910. 

1903. *Holmes, E. M., Feb. 11, 1911. 
1886. fHowe, E., Jan. 25, 1911. 
1895. tHughes, C. J., Jan. 11, 1911. 

1891. *^Hunt, C. W., Mar. 27, 1911. 
1872. **Janin, Henry, Jan. 6, 1911. 


the names of members whose 
the Secretary of the Institute 

Date of 

Election. Name. Date of Decease. 

1880. ^Johnson, J. E., Apr. 30, 1911. 

1881. - *^Jones, W., July 30, 1911. 

1893. *Kurtz, H. M., Mar. 30, 1911. 
1893. ^Lawrence, H. L., May 8, 1911 . 

1890. *Lee, J. H., Jan. 25, 1911. 

1875. *Lord, N. W., May 22, 1911. 

1903. *McCan, E. K., Oct, 29, 1910. 

1898. *McClurg, J. A., May 4, 1910. 

1881. **Martin, E. P., Sept. 25, 1910. 
1897. *Matcham, C. A., Sept. 22, 1911. 

1891. **Metcalf, A. T., Nov. 29, 1910. 
1874. ^Morgan, C. H., Jan. 10, 1911. 
1896. *Murphy, T. D., Apr. 3, 1911. 
1909. *Norbom, J. O., Jan. 13, 1911, 
1890. fNorrie, A. L., Dec. 22, 1910. 

1882. *Potts, F. L., Mar. 11, 1910. 
1879. ^Richards, E. H , Mar. 30, 1911. 
1909. *Shelby, C. F., Jan. 25, 1911. 
1885. *Sticht, Ernest, Mar. 12, 1911. 

1899. *^Sutherland,W. J., Ap. 22, 1911. 

1904. **Swan, A, A., Feb. 12, 1911. 

1876. ^Thompson, H. S., Mar. 9, 1911, 
1876. *Valentine, M. D., July 4, 1911. 
1909. *Weiss, R. A., July 11, 1911. 
1888. *Wood, Howard, July 1, 1911. 


* 

* Member. ** Life Member. t Associate. 

C 
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Proceedings of the One Hundredth Meeting, Wilkes-Barre, 

June, 1911. 

LOCAL COMMITTEES. 

Executive.— W. A. Lathrop, Ohainmn/ B V. Norris, Secretary,^ S. D. War- 
xiner, X’lectsui'C/ i Irving A. Stearns, W. X Bicharda, M. S. Drinker, C. D. 
Simpson. 

General Beception.-— Irving A. Stearns, Chairman. 


Archibald, James, Jr., Pottsville. 
Ashley, H. H., Wilkes-Barre. 
Ayres, W. S. , Hazleton. 

Beard, J. T., Scranton. 

Bridgman, J. 0., Wilkes-Barre. 
Bunting, Douglas, Wilkes-Barre. 
Chase, F. M. , Wilkes-Barre. 
Conner, Eli T. , Scranton. 

Coxe, E. B., Jr., Drifton. 

Davies, W. H. , Hazleton. 

Davis, H. G., Dorranceton. 
Dodge, AV. F., AA’^ilkes-Barre. 
Drinker, H. S., South Bethlehem. 
Emmerich, L 0., Hazleton. 
Enzian, Charles, Wilkes-Barre. 
Foster, E. J., Scranton. 

Fritz, John, Bethlehem. 

Hill, F. A. , Pottsville. 

Houck, C, B., Hazleton. 

Huber, C. F., Wilkes-Barre. 
Humphrey, John M., Centralia. 
Jessup, A. B., Wilkes-Barre. 
Jones, J. E , New Boston. 

Jones, T. D., Hazleton. 

Lathrop, W. A. , Wilkes-Barre. 


Lawall, E. H., Wilkes-Barre. 
Lentz, W. 0. , Maiich Chunk 
Lewis, Albert, Bear Creek. 
Loomis, W. H., Jeddo. 

Markle, Alvan, Hazleton. 
Markle, John, Jeddo. 

Neale, J. B. , Mmersville. 
Norris, E. V., Wilkes-Barre. 
Oliver, Paul A., Oliver’s Mills. 
Owens, AY. D., Pittston. 

Pardee, I. P., Hazleton. 

Quin, E. A., Wilkes-Barre. 
Eichards, W. J., Pottsville. 
Eighter, T. M., Mount Carmel. 
Simpson, C D., Scranton. 
Snyder, Baird, Jr., Lansford. 
Storrs, A. H., Scranton. 

Straw, 0. A,, Lansford. 

Sturges, C. B., Scranton. 
Thomas, Thomas, AVilkes-Barre. 
Warriner, S. D., Wilkes-Barre, 
Welles, T. L., Wilkes-Barre. 
Whildin, W. G., Lansford. 

Wolf, T. G., Scranton. 

Zerbey, F. E , Wilkes-Barre. 


The first session, held Tuesday evening, June 6, in the ball- 
room of the Glen Summit Springs Hotel, was called to order 
by W. A. Lathrop, Chairman of the Local Executive Com- 
mittee. Mr. Lathrop, on behalf of the many friends of the 
Institute in the anthracite region, extended a cordial welcome 
to the members and guests present. Charles Kirchhoff, Presi- 
dent of the Institute, who presided at the meeting, responded 
for the Institute. 
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A letter of hearty congratulations on the one hundredth 
meeting of the Institute, was received from the Verein 
deutscher Eisenhiittenleute. This testimonial, in German 
text, beautifully illuminated on parchment and bound in 
leather, is translated as follows : 


Honored Me. President: 

The One Hundredth Meeting of your Institute is an occasion welcome to us, to 
present to your Society and to its members heartiest congratulations for this festive 
day, and to express our high appreciation of the admirable achievements which 
the American Institute of Mining Engineers may look back upon with justifiable 
pride, after an existence of 40 years. Through your many activities, through the 
practical and scientific work of your members, you have to a marked degree con- 
tributed to the successful development of the enormous mineral wealth of your 
country, and to its metallurgical utilization. 

You have at the same time proved that technology and science are international, 
and by your work have contributed to the unexampled rise of mining and metal- 
lurgy in all countries during the last decades. We remember gratefully the 
friendly relations which have existed for many years between our society and 
yours, and which have been expressed through repeated successful joint meetings 
of the societies, and through cordial personal relations of the members of the two 
societies. In expressing the hope that the friendly relations between the two 
societies may continue in the future, as in the past, we remain, witli repeated 
hearty congratulations on this festive day, and with joyous “G-luckauf for the 
future of your society, 

Verein deutscher Eisenhuttbnleute. 

Presiding Officer: Secretary: 

Springorum, E. Schroedter. 

Konigl. Kommerzienrat. 

Dusseldorf, May, 1911. 

American Institute of Mining Engineers, by Hand of Presiding Oificer 
Charles Kirchhoef. 

Dr. Henry S. Drinker, President of Lehigh Dniversity, pre- 
sented the following message from Mr. John Fritz (Tlncle 
John Fritz), of Bethlehem, who had fully intended to be at 
Q-len Summit, but was at the last moment obliged to give up 
the trip on the advice of his doctor. Mr. Fritz’s message was 
as follows, as Dr. Drinker took it down from his lips before 
leaving Bethlehem : 

“I meant to be with you and am sorry, very sorry I cannot be with you in per- 
son, but I am with you in spirit now and forever.” 
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The following papers were presented in oral abstract bj the 
authors : 

■-'■The Storage of Anthracite Coal, by K. V. Norris, Wilkes- 
Barre, Pa. (Discussion by Charles P. Perin, New ork, N. Y.') 

“*-The Preparation of Anthracite, by Paul Sterling, Wilkes- 
Barre, Pa. 

The Summit Hill Mine-Fire, by W. A. Lathrop, Philadel- 
phia, Pa.” (Illustrated by lantern-slides.) 

Reminiscences of the Beginning of the Institute, by R. W. 
Raymond, New York, N. Y.^ 

The second session, held in the rooms of the Wyoming His- 
torical and Q-eological Society, Wilkes-Barre, Wednesday after- 
noon, June 7, was called to order by President Kirchhoff. 

Major Irving A. Stearns, President of the Society, cordially 
welcomed the members and guests, and President Eirchhoff, 
on behalf of the Institute, responded. 

The President announced that, upon the proposal of many 
members and the unanimous recommendation of the Council, 
the following members had been unanimously elected by the 
Board of Directors as Honorary Members of the American In- 
stitute of Mining Engineers : 

Prof. Robert H. Richards, Boston, Mass., and Dr. Rossiter 
W. Raymond, New York, N. Y. 

The following papers were presented in oral abstract by the 
authors : 

*The Anthracite Board of Conciliation, by S. D. Warriner, 
Wilkes-Barre, Pa. (Discussion by E. W, Parker, Washington, 
D. C., and D. B. Rushmore, Schenectady, N. Y., and reply by 
Mr. Warriner.*) • 

*The United States Iron Industry from 1871 to 1910, by 
John Birkinbine, Philadelphia, Pa. 

The third and concluding session was held on Thursday 
evening, June 8, in the ball-room of the Glen Summit Springs 
Hotel ; President Eirchhoflf presided. 

* Distributed in printed form. 

^ Discussion not furnished for publication. 

2 Not furnished for publication. 
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The following papers, illustrated by lantern-slides, were pre- 
sented in oral abstract by the authors : 

Mine-Caves Under the City of Scranton, by Eli T. Conner, 
Scranton, Pa. 

Materials Available for Eefilling Coal-Workings in the 
Northern Anthracite Coal-Field, by N. H. Barton, Washing- 
ton, B. C.® 

Mine-Rescue Service of the State of Illinois, by H: H. Stoek, 
Urbana, HI. 

Electric Motors versus Compressed-Air Engines for Briving 
Beep-Mine Hoists, by K. A. Pauly, Schenectady, N. Y. 

*The Sintering of Fine Iron-Bearing Materials, by James 
Gayley, New York, N. Y, (In the absence of Mr. Gayley, this 
paper was presented by Arthur S. Bwight, New York, 
N. Y. Biscussion by James E, Little, Steelton, Pa., and 
Benjamin W. Vallat, Ironwood, Mich.*) 

In addition to the papers already noted, the following were 
read by title for future publication : 

*Geology of the Cobalt Bistrict, Ontario, Canada, by 
Reginald E. Hore, Houghton, Mich. 

*Origin of Certain Bonanza Silver-Ores of the Arid Region, 
by Charles R. Keyes, Bes Moines, Iowa. 

^Assay of Silver-Bearing Gouge-Ores, by Charles R. Keyes, 
Bes Moines, Iowa, and B. F. Riddell, Parral, Mexico. 

*A Brafting-Table for Tracing Through Opaque Paper, by 
A. T. Schwennesen, Stanford University, Cal. 

*Lead-8melting in the Ore-Hearth, by J. J. Brown, Jr., 
Wilburton, Okla. 

*The Caddo Oil- and Gas-Field, Louisiana, by Walter E. 
Hopper, Madison, Wis. 

*Origin of the Iron-Ores of Central and Northeastern Cuba, 
by C. E. Leith and W. J. Mead, Madison, Wis. 

*Oecurrenee, Origin, and Character of the Surficial Iron- 
Ores of Camaguey and Oriente Provinces, Cuba, by Arthur 
C. Spencer, Washington, B. C. 

“•“The Mayari and Moa Iron-Ore Beposits in Cuba, by C. 
Willard Hayes, Washington, B. C. 


* Distributed in printed form, 

® Not furnished for publication. 

^ Discussion not furnished for publication. 
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*Exploration of Cuban Iron-Ore Deposits, by Dwigbt E. 
Woodb ridge, Duluth, Minn. 

*The Iron-Ore Deposits of the Moa District, Oriente Prov- 
ince, Island of Cuba, by Jennings S. Cox, Jr., Santiago de 
Cuba, Cuba. 

* Characteristics and Origin of the Brown Iron-Ores of Oar 
maguey and Moa, Cuba, by Willard L. Cumings and Benja- 
min L. Miller, Bethlehem, Pa. 

•*The Euel-EfiGiciency of the Iron Blast-Furnace, by John 
Jermain Porter, Cincinnati, Ohio. 

The Continuous System of Cyaniding in Pachuca Tanks, by 
Huntington Adams, Natividad, Oaxaca, Mexico. 

*Mining-Oosts at Park City, Utah, by Fred T. Williams, 
Park City, Utah. 

*Diagoual-Plane Concentrating-Table, by S. Arthur Erom, 
Plainfield, N. J. 

History and Geology of Ancient Gold-Fields in Turkey, by 
Leon Dominian, Hew York, H. Y. 

*Tnnnei-Driving in the Alps, by W. L. Saunders, Hew 
York, H. Y. 

Anthracite-Culm Briquettes, by Charles Dorrance, Jr.,Lans- 
ford, Pa. 

*Canadian Mining-Law, by J. M. Clark, Toronto, Canada, 
and Discussion by Dr. E. W. Raymond, Hew York, H. Y. 

Loss in “Breaking Down” Anthracite, by W. F. Dodge, 
Wilkes-Barre, Pa.® 

Apparatus for Metallography, by Carle R. Hayward, Boston, 
Mass. 

The Universal Metalloscope, by Albert Sauveur, Cambridge, 
Mass. 

The Preparation of Brown Iron-Ores, by H. S. Geismer, 
Chattanooga, Tenn. 

Treatment of Hicaraguan Gold-Ores, by Henry B. Kaeding, 
Hiearagua, C. A. 

Structure of the Horthern Anthracite Coal-Field, Especially 
in Relation to the Occurrence of Gas in the Coal, by H. H. 
Darton, Washington, D. C.® 


* Distributed in printed form. 

® Not furnished for pablication. 



PROCEEDINGS OE THE WILKES-BAREE MEETING. xH 

^Chamber-Pillars in Deep Anthracite-Mines, by Douglas 
Bunting, Wilkes-Barre, Pa. 

Use of Electricity in Anthracite-Mining, by David B. Rush- 
more, Schenectady, N. Y.® 

Notes on Huntington Mills in Nicaragua, by Clarence C. 
Semple, New York, N. Y. 

Mine Rescue-Work in Illinois, by J. A. Holmes, Washing- 
ton, D. C.® 

The Mayari Iron-Mines, Oriente Province, Island of Cuba, 
as Developed by the Spanish- American Iron Co., by James E. 
Little, Steelton, Pa. 

• Discussion of the paper of G-. W. Riter, Mine-Survey Notes, 
by B. R. Rice, Wickensburg, Ariz. 

*Discussion of the paper of W. H. Emmons, The Agency 
of Manganese in the Superficial Alteration and Secondary En- 
richment of Gold-Deposits in the United States, by Charles R. 
Keyes, Des Moines, Iowa. 

^Discussion of the paper of William Wraith, Sampling 
Anode-Copper, with Special Reference to Silver-Content, by 
Edward Keller, Perth Amboy, N. J. 

Discussion of the paper of R. E. Hore, Geology of the Co- 
balt District, Ontario, Canada, by C. W, Knight, Toronto, On- 
tario, Canada. 

Discussion of the paper of Eli T. Conner, Mine-Caves 
Under the City of Scranton, by R. J. Poster, Scranton, Pa. 


* Distributed in printed form. 
'Not furnished for publication. 
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Excursions and Entertainments. 

An account of the excursions and entertainments in connec- 
tion with the Wilkes-Barre meeting was published in JBulletiu 
Ko. 55, July, 1911, pp. 584 to 592. 

Ilemhers and Guests in Attendance at the Sessions and Excursions. 


Adams, G. T., Washington, D. C. 
Archibald, Hugh, Scranton, Pa. 
Archibald, J., Jr., Scranton, Pa. 

Ayres, Mrs. E. L. C., Bound Brook, N, J. 
Ayres, W. S , Hazleton, Pa. 

Baelz, W., New York, N. Y. 

Beard, H. I, Scranton, Pa. 

Beard, J. T. , Scranton, Pa. 

Beard, J. T., Jr., Scranton, Pa. 
Benjamin, E. H., Oakland, Cal. 

Bird, R. M , South Bethlehem, Pa. 
Birkinbine, J., Philadelphia, Pa. 
Birkinbine, J. L. W., Philadelphia, Pa. 
Bowler, B. P., New York, N. Y. 

Boyd, H., Hokendauqua, Pa. 

Bridgman, J. C. , Wilkes-Barre, Pa, 
Bryden, A., Dunmore, Pa. 

Bryden, 0. L., Scranton, Pa. 

Bunting, D., Wilkes-Barre, Pa- 
Burchard, E. F., Washington, D. C. 
Carpenter, R. C., New York, N. Y. 
Chase, F. M., Wilkes-Barre, Pa. 

Chase, Mrs. F. M., Wilkes-Barre, Pa. 
Conner, E. T. , Scranton, Pa. 

Conner, Mrs. E. T., Scranton, Pa. 
Coryell, T., Lambertville, N. J. 
Coryell, Mrs. T., Lambertville, N. J. 
Coxe, E B. , Jr., Brifton, Pa. 

Crane, W. R. , State College, Pa. 
Crichton, A. B. , Johnstown, Pa. 
Cunningham, J. S., Johnstown, Pa. 
Daniels, J. , South Bethlehem, Pa. 
Barton, N H., Washington, B. C. 
Barton, Mrs. N. H., Washington, B. C. 
Davis, A. B., Wilkes-Barre, Pa. 

Davis, H. G., Kingston, Pa. 

Derr, A. F , Wilkes-Barre, Pa. 
B’Invilliers, E. V., Philadelphia, Pa. 
Bodge, J. M., Philadelphia, Pa. 

Bodge, W. F. , Wilkes-Barre, Pa. 
Bodge, Miss, Wilkes-Barre, Pa, 
Borrance, 0., Lansford, Pa. 

Drinker, Br. H. S , S. Bethlehem, Pa. 


Dwight, A. S., New York, N. Y. 
Dwight, E. W., Philadelphia, Pa. 
Edgar, E. R., Wilkes-Barre, Pa. 
Emmerich, L. 0., Hazleton, Pa. 
Emmerich, Mrs. L. O., Hazleton, Pa. 
Enzian, C. , Wilkes-Barre, Pa. 

Eynon, T. N., Philadelphia, Pa. 

Eynon, Mrs. T. N., Philadelphia, Pa. 
Eynon, Miss, Philadelphia, Pa. 
Fackenthal, B. F. , Jr , Riegelsville, Pa. 
Fernow, B. E. , Toronto, Canada. 
Firmstone, F., Easton, Pa. 

Foote, F. S. , Urbana, 111. 

Foster, R. J. , Scranton, Pa. 

Gleason, F. A., Scranton, Pa. 

Gough, H. R., Scranton, Pa. 

Gresham, A. L., New York, N. Y. 
Griffith, W., Scranton, Pa. 

Haddock, J. G., Wilkes-Barre, Pa. 
Haldeman, G. T., Wilkes-Barre, Pa. 
Hall, H. R., Catasauqua, Pa. 

Hall, Mrs. H. R., Catasauqua, Pa. 
Hamilton, S. H., New York, N. Y. 
Handy, A , New York, N. Y, 

Hansell, N. V., New York, N. Y. 
Hibbard, H. B., Plainfield, N. J. 
Hodge, J. M., Big Stone Gap, Va. 
Holbrook, L , New York, N. Y. 
Holmes, Br. J. A., Washington, B. C. 
Hood, O. P., Houghton, Mich. 

Iredell, F. W., New York, N. Y. 
Iredell, Mrs. F. W., New York, N. Y. 
Jessup, A. B., Wilkes-Barre, Pa. 
Johnson, R. W., Wilkes-Barre, Pa. 
Kellam, G. T., Wilkes-Barre, Pa. 
Kelly, W , Vulcan, Mich. 

King, P. S., Philadelphia, Pa. 
Kirchhoff, C., New York, N. Y. 
LaMonte, A. C , Scranton, Pa. 

Lane, J. S., New York, N. Y. 

Lathrop, W. A., Wilkes-Barre, Pa. 
Lathrop, Mrs. W. A., Wilkes-Barre, Pa 
Law, A. F., Scranton, Pa. 
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Ledoux, A. R., New York, N. Y. 

Lee, George F., Wilkes-Barre, Pa. 
Lentz, L. F. , Jr, Mauch Chunk, Pa. 
Lentz, W. O., Mauch Chunk, Pa. 

Lilly, J., Lambertville, N. J. 

Lincoln, J. J., Elkhorn, W. Va. 
Lincoln, Mrs. J. J., Elkhorn, W. Va. 
Linville, C P., State College, Pa. 
Linville, Mrs. C. P., State College, Pa. 
Little, J E. , Steelton, Pa. 

Lloyd, John, Wilkes-Barre, Pa. 

Loomis, W. H., Jeddo, Pa. 

Ludlow, E , Eccles, W. Va. 

Ludlow, Mrs. E , Eccles, W. Va. 

Lyle, D. A., St, Daniels, Pa. 

Lyle, Mrs. D. A., St. Daniels, Pa. 
McMahon, F. J., Wilkes-Barre, Pa. 
McMahon, Mrs. F. J , Wilkes-Barre, Pa 
Merriman, Mansfield, New York, N. Y. 
Merriman, Mrs. M., New York, N. Y. 
Merriman, Miss, New York, N. Y. 
Miller, B. L., Bethlehem, Pa. 
Nicholson, S. T., Wilkes-Barre, Pa. 
Norris, R V. , Wilkes Barre, Pa, 

Norris, Mrs. R. V., Wilkes-Barre, Pa. 
Oliver, Gen. P. A., Olivers Mills, Pa. 
Olson, G. L., Ironwood, Mich. 

Ormrod, G., Allentown, Pa. 

Ormrod, J. D , Emaus, Pa. 

Owens, W. D., Pittston, Pa. 

Page, G. S., Pittsburg, Pa. 

Pardee, I. P., Hazleton, Pa. 

Parker, E. W., Washington, D. C. 
Pauly, K. A., Schenectady, N. Y. 
Perin, C. P., New York, N. Y. 

Perin, Mrs. C. P., New York, N. Y. 
Pettebone, E. R., Wilkes-Barre, Pa. 
Pfordte, 0. F., Rutherford, N. J. 

Piez, Charles, Chicago, 111. 

Pitman, S. M., Providence, R. I. 
Pitman, Mrs. S. M., Providence, R. I. 
Pitman, Miss, Providence, B. 1. 
Prideaux, J. H , Wilkes-Barre, Pa. 
Rand, C. F., New York, N. Y. 
Raymond, Dr. R. W. , New York, N. Y. 
Rice, G. S., Pittsburg, Pa. 

Richards, J. W., South Bethlehem, Pa. 
Richards, W. B., Lansford, Pa. 
Richards, W. J., Pottsville, Pa. 
Richards, Mrs. W. J., Pottsville, Pa. 
Richards, Miss, Pottsville, Pa. 


Rushmore, D. B., Schenectady, N. Y. 
Saward, F. A., New York, N. Y. 
Sharpe, Richard, M^ilkes-Barre, Pa. 
Sherrerd, A. H., Scranton, Pa. 
Sherrerd, Mrs A. H. , Scranton, Pa. 
Sherrerd, J. M , Easton, Pa. 

Sherrerd, Mrs J. M., Easton, Pa. 
Shipman, E. H., Bethlehem, Pa. 
Smith, J. H , Bridgeport, N. J. 

Smith, 0 , Bridgeport, N. J. 

Snyder, B, Jr., Lansford, Pa. 

Snyder, Mrs B., Jr. , Lansford, Pa. 
Sender, H., Cornwall, Pa. 

Souder, Mrs. H , Cornwall, Pa. 
Spilsbury, E. G , New York, N. Y. 
Spilsbury, Miss, New York, N. Y. 
Stark, F. M. , Wilkes-Barre, Pa 
Stark, J W., Wilkes-Barre, Pa. 
Stearns, I A., Wilkes-Barre, Pa. 
Sterling, P. , Wilkes-Barre, Pa. 

Sterling, Mis*?, Wilkes-Barre, Pa. 
Stevenson, G. E., Scranton, Pa. 

Stewart, Dr. W. S., Wilke*?- Barre, Pa. 
Stiles, M. D. S., Philadelphia, Pa 
Stoek, H. H , Urbana, 111. 

Storrs, A. H., Scranton, Pa. 

Storrs, Mrs. A. H , Scranton, Pa. 

Straw, C. A., Lansford, Pa. 

Struthers, Dr. J., New York, N. Y. 
Taylor, K., High Bridge, N. J. 

Taylor, Mrs. K., High Bridge, N. J. 
Taylor, S. A., Pittsburg, Pa. 

Tench, S. F., Lansford, Pa. 

Thomas, T., Wilkes-Barre, Pa. 

Vallat, B. W. , Ironwood, Mich, 
Wagner, E B. , Wilkes-Barre, Pa. 
Warriner, 8. D., Wilkes-Barre. Pa. 
Warriner, Mrs. S. D., Wilkes-Barre, Pa. 
Webb, H. S., Scranton, Pa 
! Welles, T. L., Wilkes-Barre, Pa. 

I Whildin, W. G., Lansford, Pa. 

' Whildin, Mrs. W. G., Lansford, Pa. 
Whitaker, F., Allentown, Pa. 

Wilbur, W. A., Philadelphia, Pa. 
Wilson, E B., Scranton, Pa. 

Wilson, Mrs. E. B.*, Scranton, Pa. 
Woodbury, F.. E. , Milwaukee, Wis. 
Woodworth, R. B., Pittsburgh, Pa. 
Zerbey, F. E., Wilkes-Barre, Pa. 
Zerbey, Mrs. F. E., Wilkes-Barre, Pa. 
Zerbey, Miss, Wilkes-Barre, Pa. 
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Proceedings of the One Hundred and First Meeting, San 
Francisco, October, igii. 

GENERAL COMMITTEES. 

San Francisco . — Executive, Hon. William C. Ralston, Ohmrmo/n; Recep- 
tion, Prof, Samuel B. Christy, Chairman; Sessions, Frederic W. Bradley, Chair- 
mn, Press, H. Foster Bain, Chairman; Finance, Mark L. Requa, Chairman; 
Excursions and Entertainments, Edward H. Benjamin, Chah'mm. Assisted 
by Harry P. Stow, C. W. Merrill, F. W. Griffin, Gelasio Caetani, Albert Burch, 
Newton Cleaveland, Corey C. Brayton, and B. E. Cranston. 

Los Angeles -.—Executive, Theo. B. Comstock, Chairman; R. W, Hadden, 
Secretary ; H. R. Simpson, Treasurer, 


Institute Headquarters at Hotel St. Francis. 

The first and opening session, held Tuesday afternoon, Oct. 
10, in the Eeception-Hall of the St. Francis, was called to 
order by State Senator William 0. Ralston, Chairman of the 
Executive Committee, who, in a few well-chosen words, wel- 
comed the visiting members and guests of the Institute to San 
Francisco. Capt. Robert W. Hunt, twice past President of the 
Institute, and present Acting President for the San Francisco 
meeting and the subsequent visit to Japan, responded cordially 
tq Mr. Ralston’s welcoming address. 

By unanimous vote, the Secretary was instructed to send a 
telegram to President Charles Kirchhoff, expressing regret for 
his absence, and hoping for a rapid improvement in the health 
of his mother. 

The following papers were presented in brief oral abstract 
by the authors : 

* Electrolytic Refining at the U. S. Mint, San Francisco, 
Cal., by Edward B. Durham, San Francisco, Cal. 

The Parral-Tank System of Slime- Agitation, by Bernard 
MacDonald, Guanajuato, Mexico. 

* The Newport Iron-Mine, Ironwood, Mich., by B. W. Val- 
lat, Ironwood, Mich, (illustrated by lantern-slides). 

The Electro-Deposition of Gold and Silver from Cyanide 


^ Distributed in pamphlet form. 
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Solutions, by Prof. Samuel B. Christy, Berkeley, Cal.^ (illus- 
trated by lantern-slides). 

During the session, the Secretary read the following tele- 
gram from President EirchhofF: 

The committee appointed to consider the best method of perpetuating the name 
of Samuel Franklin Emmons, late of the United States Geological Survey, have 
decided that the memorial to him shall take the shape of a research fellowship to 
be known as the Samuel Franklin Emmons Research Fellowship of Economic 
Geology. The fellowship is to be administered by Professor Kemp, of Columbia 
University. Subscriptions are invited by his friends to this fund, which the 
Committee have fixed at $25,000. Members of the Institute who desire to con- 
tribute to the fund will please communicate with the Treasurer, Benjamin B. 
Lawrence, 60 Wall Street, New York. The Committee consists of George Otis 
Smith, H. L. Smyth, James Douglas, Joseph A. Holmes, James F, Kemp, F. W# 
Bradley, J. Parke Channing, Seeley W. Mudd, D W. Brunton, H. Foster Bain, 
T. A. Rickard, and B. B. Lawrence. 

The second session, held Wednesday morning, Oct. 11, in 
the same place, was called to order by President Hunt, who 
proffered the chair to Vice-President Gardner F. Williams, of 
Washington, I). 0., and asked him to preside. 

The following papers were presented in brief oral abstract 
by the authors : 

Present Conditions in the California Oil-Fields, by Mark L. 
Requa, San Francisco, Cal. 

Present-Day Problems in California Gold-Dredging, by 
Charles Janin, San Francisco, Cal. (Due to the absence of the 
author, this paper was presented by Francis J. Dennis, whp 
aided Mr. Janin in its preparation.) 

Gtold-Production in California, by Charles G. Yale, San 
Francisco, Cal. * 

* Mineral Production and Resources of China, by Thomas 
T. Read, San Francisco, Cal. (illustrated by lantern-slides).* 

During the session, the Hon. John A. Britton, representing 
the Panama-Pacific International Exposition, addressed the 
audience. Later, by unanimous vote, the Secretary was in- 
structed to send a telegram to Arthur D. Foote, of the North 
Star Mines Co., Grass Valley, Cal., an old and valued member 
of the Institute, expressing the sincere hope of all present for 
his rapid recovery from his recent surreal operation. 


* Distributed in pamphlet form. 

^ Not furnished for publication. 

» BvOetin No. 63, Mar., 1912, pp. 293 to 343. Held for vol. xliii. 
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The third session, held Thursday morning, Oct. 12, at the 
same place, was called to order by President Hunt, who later 
asked Hr. E. W. Eaymond, Secretary Emeritus of the Institute, 
to preside. 

The following papers were presented in brief oral abstract 
by the authors : 

* The Fritz Engineering and the Coxe Mining Laboratories 
of Lehigh University, by Joseph Daniels, South Bethlehem, 
Pa. 

* Slime-Filtration, by G-eorge J. Young, Eeno, Hev. 

Coal-Resources of Alaska, by H. Foster Bain, San Francisco, 

Cal. (Discussed by J. W. Malcolmson, E. W. Parker, and R. 
W. Raymond.) * 

During the session, Reiji Eanda, of the Tokyo Institute of 
Mining, who had just arrived from Japan as the official repre- 
sentative of the Reception Committees in Japan, was intro- 
duced by President Hunt. Mr. Eanda brought cordial greet- 
ings to the members and guests of the Institute, especially 
those who will visit Japan. 

The fourth and concluding session, held Thursday afternoon, 
Oct. 12, in the impressive Greek Theater of the University of 
California, at Berkeley, was called to order by President Hunt, 
who asked Vice-President S. B. Christy to preside. Professor 
Christy called attention to the Biographical Hotice of Samuel 
Franklin Emmons, published in Bulletin Ho. 57, September, 
1911, and as a friend of long standing he added a few inter- 
esting reminiscences from Ms early personal associations with 
Dr. Emmons. 

Dr. R. W. Raymond, Secretary Emeritus, then presented the 
second section of his paper, Reminiscences of the Beginning of 
the Institute.* (The first section of this paper was presented 
at the "Wilkes-Barre meeting, March, 1910.) 

Mr. George Otis Smith, Director of the U. 8, Geological 
Survey, addressed the members and guests, setting forth the 
cordial relations and hearty co-operation that have long existed 
between the Survey and the Institute. 


* Distributed iu pamphlet form. 

* Not furnished for publication. 
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The following papers were read by title for future publicar 
tion by the Institute : 

* Cyanide-Plant at the Treadwell Mines, Alaska, by W. P. 
Lass, Treadwell, Alaska. 

* The Mining Industry in Japan, by K. Nishio, Tokyo, 

Japan. ‘ - 

t The Laramie Tunnel, by David “W. Brunton, Denver, 
Colo.® 

* Notes on the Liberty Bell Mine, by Charles A. Chase, 
Denver, Colo. 

t The Laws of Igneous Emanation, by Blarney Stevens, New 
York, N. Y." 

t Physical Data of Igneous Emanation, by Blarney Stevens, 
New York, N. Y.« 

* Electrolytic Oxygen in Cyanide Solutions, by T. H. Aldrich, 
Birmingham, Ala. 

Fuel-Problems of the Pacific, by Oscar H. Reinholt, Pitts- 
burg, Pa.^ 

G-overnment Coal-Mines in the Philippines, by Oscar H. Rein- 
holt, Pittsburg, Pa.’ 

Some Features of Replacement Ore-Bodies, and the Criteria 
by Means of Which They May be Discovered, by John D. 
Irving, New Haven, Conn.’ 

* A Modification of the “ Gay Lussac ” Method for Silver- 
Bullion Containing Tin, by Luis E. Salas, New York, N. Y.® 

t Geology of Some Mines in the South of Colombia, S. A., 
by F. P. Gamba, Tuquerres, Colombia, 8. A.® 

* The Geology of the Tonopah Mining-District, by Augustus 
Locke, Goldfield, Nev.'® 

* Rapid Estimation of Available Calcium Oxide in Lime 
Used in the Cyanide Process, by L. W. Bahney, New Haven, 
Conn. 

^ Distributed in pamphlet form. 

t Manuscript available for consultation and discussion. 

* Bvlletm No. 61, January, 1912, pp. 103 to 147. Held for vol. xliii. 

® Idem^ No. 64, April, 1912, pp. 357 to 376. Held for vol. xliii. 

® Idenij No. 64, April, 1912, pp. 411 to 438. Held for vol. xliii. 

’ Not furnished for publication. 

® Bulletin No. 63, March, 1912, pp. 267 to 278. Held for vol. xliii. 

® Held for vol. xliii. 

Bulletin No. 62, February, 1912, pp. 217 to 226. Held for vol, xliii. 
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Phosphorus in Coking-Coal, by Charles Catlett, Staunton, 
Va. 

Electrical Practice in Mines, by Barton McCollum, Sturgeon 
Palls, Ontario, Canada.^ 

t The Bearing of the Theories of the Origin of Magnetic 
Iron-Ores on Their Possible Extent, by Prank L. ITason, West 
Haven, Conn.^^ 

Cyanide Practice at the Santa Gertrudis Mine, Pachuca, 
Hidalgo, Mexico, by Hugh Eose, Pachuca, Hidalgo, Mexico.'^^ 

The Black Mountain Coal-District, Kentucky, by J. B. Dil- 
worth, Philadelphia, Pa.^® 

The Flow of Pulverulent Ore Through Orifices, by Ernest 
A. Hersam, Berkeley, Cal.^^ 

Examination of Dredging-Properties, by Francis J. Dennis, 
San Francisco, Cal. 

f Discussion of J. B. Dilworth’s paper, A Method of Calcu- 
lating Sinking-Funds, and a Table of Values for Ordinary 
Periods and Eates of Interest, by John Langton. 


Excursions and Ehtertainments. 

An account of the train-trip to the Grand Canyon and through 
southern California, preceding the San Francisco meeting, and 
the entertainments and excursions in and around San Francisco 
in connection with the meeting, was printed in Bulletin ISTo. 59, 
November, 1911, pp. v. to xxxviii. A description of the subse- 
quent visit to Japan, and the entertainments in connection there- 
with, appeared in Bulletin No. 61, January, 1912, pp. 1 to 102. 


List of Members and Guests (doubtless incomplete) Registered at 
the San Francisco Headquarters. 


Adams, Miss R. A., Orange, ]S^. J. 
Atwater, B. M., Jr., New York, N. Y. 
Ayres, Mrs. E. L. C., Bound Brook, N. J. 
Ayres, W. S., Hazelton, Pa. 

Ayres, Mrs. W. S. , Hazelton, Pa. 

Bain, H. F., San Francisco, Cal. 

Bain, Mrs. H. F., San Francisco, Cal. 
Beall, A. S. E., San Diego, Cal. 


Bellinger, H. P., Syracuse, N, Y. 
Bellinger, Mrs. H. P., Syracuse, N. Y. 
Benjamin, Edw. H. , San Francisco, Cal. 
Benjamin, Mrs. Edward H., San Fran- 
cisco, Cal. 

Benjamin, Miss E., San Francisco, Cal. 
Berger, George B., Pittsburg, Pa. 
Berger, Mrs. R. B., Pittsburg, Fa. 


* Manuscript available for consultation and discussion, 
t Distributed in pampHet form. 

Not furnished for publication. 

Held for vol. xliii. 

Bulletin No. 62, February, 1912, pp. 149 to 176. Held for vol. xliii. 
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Boalt, Mrs John H. San Francisco, Cal. 
Boyd, Harold E., Milpitas, Cal. 
Bradford, S. K., Palo Alto, Cal 
Bradley, P. W., San Francisco, Cal. 
Bretherton, S. E., San Francisco, Cal. 
Brunton, David W., Denver, Colo. 
Bryce, Robert A , Cobalt, Canada. 
Burch, Albert, San Francisco, Cal. 
Busset, A. P., Jr , Carnpo fceco, Cal. 
Cheney, Samuel, San Francisco, Cal. 
Christy, S. B , Berkeley, Cal. 

Clark, W. B., Baltimore, Md. 

Clark, Mrs. W B., Baltimore, Md. 
Cleaveland, N., San Francisco, Cal. 
Cottrell, F. G. , San Francisco, Cal. 
Coyne, Miss B. S. , Philadelphia, Pa. 
Crawford, J. J., San Francisco, Cal. 
Cullum, J. Barlow, Potts vi lie, Pa 
Cunningham, E. S., Wonder, Nev, 
Dakin, Fred. H , Jr., Berkeley, Cal. 
Dakin, Mrs. F H., Jr., Berkeley, Cal. 
Daniels, F. H., Worcester, Mass. 
Daniels, J., South Bethlehem, Pa. 
Davidson, G. W., Chicago, 111. 
Davidson, Mrs. G. W., Chicago, 111. 
Davis, L W., Carbondale, Wash. 

Davis, W. J., Jr., San Francisco, Cal. 
DeKalb, Courtenay, Tucson, Ariz. 
Dennis, Francis J , San Francibco, Cal. 
Dickson, Mrs. C. C,, New York, N. Y. 
Dietrich, W. F., San Francisco, Cal. 
Drake, Francis, London, England. 
Dumble, E. T., Houston, Texas. 
Durham, Edward B., Berkeley, Cal. 
Durham, Mrs. E. B , Berkeley, Cal. 
Dutton, Charles E., Goldfield, Nev. 
Eaton, H. L., Marble, Nev. 

Eddy, L. H,, New York, N. Y. 
Engelhardt, E. N., Oakland, Cal 
Parish, John B., Denver, Colo. 

Farnum, Herbert C., Bessemer, Ont. 
Folsom, D. M., Palo Alto, Cal. 

Forbes, D. L. H., El Tigre, Sinaloa, 
Mexico. 

Foucar, E. L., San Francisco, Cal. 
Foucar, Mrs. E. L., San Francisco, Cal. 
Garrey, G. H , San Francisco, Cal. 
Garthwaite, E. H., Oakland, Cal. 
Garvin, J. M., Rock Run, Ala. 

Gillette, Miss M., Westfield, Mass. 
Goodale, Charles W., Butte, Mont. 
Goodloe, Meade, Long Beach, Cal. 


Griffin, F. P., San Francisco, Cal. 
Grunsky, C E , San Francisco, Cal. 
Hall, M. L., Palo Alto, Cal. 

Hamilton, W. R., San Francisco, Cal. 
Hamilton, Mrs W. R , San Francisco, 
Cal. 

Hanks, A. A., San Francisco, Cal. 
Herrick, H N , Berkeley, Cal. 

Hersam, E. A , Berkeley, Cal 
Holbrook, Levi, New York, N. Y. 
Holbrook, Mrs. L., New York, N. Y. 
Holzoepfel, N. R , Palo Alto, Cal. 
Hubbard, Samuel, Oakland, Cal. 
Hubbard, Mrs S., Oakland, Cal. 

Hunt, Robert W., Chicago, 111, 

Hunt, Mrs. Robert W., Chicago, 111. 
Huntley, D. B., Oakland, Cal. 
Hutchinson, C. T., San Francisco, Cal. 
Hutchinson, Mrs. C, T., San Francisco, 
Cal. 

Hutchinson, Mrs. E. S., Newtown, Pa. 
Hutchinson, J. F., San Francisco, Cal. 
Illig, E. S., Berkeley, Cal. 

Illig, Mrs. E S., Berkeley, Cal. 

Ingalls, W. E , New York, N. Y. 
Ingalls, Mrs. W. R , New York, N. Y 
Ingersol, J. W., Tonopah, Nev. 

Innts, Murray, San Francisco, Cal. 
Innes, Mrs. M., San Francisco, Cal. 
Janin, Charles, San Francisco, Cal. 
Jordan, Hon. F. C., Sacramento, Cal. 
Kanda, Reiji, Tokyo, Japan. 

Kerr, Mark B., Nevada City, Cal. 
Kimball, E. B , San Francisco, Cal. 
Knapp, S. A., San Francisco, Cal. 
Landtield, J. B., San Francisco, Cal. 
Landfield, Mrs. J. B., San Francisco, 
Cal. 

Lawrence, Willis, Goldfield, Neb. 
Lawrence, Mrs. Willis, Goldfield, Nev. 
Le Boutillier, C., High Bridge, N. J. 
Le Boutillier, Mrs C., High Bridge, N. J. 
Liddell, Charles A., Battle Mt., Nev. 
Lincoln, John J., Elkhorn, W. Va. 
Lincoln, Mrs. J. J., Elkhorn, W. Va. 
Lindbloom, Erick, Alaska. 

Lindsay, L., Los Angeles, Cal. 

Lund, N- J., Ferndale, Cal. 

Mcllvain, W. R., Beading, Pa. 
Mcllvain, Mrs. W. R., Reading, Pa. 
Mcllvain, William, Reading^ Pa. 
MacDonald, B., Guanajuato, Mexico. 
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Malcalmson, J. W., Kansas City, Mo. 
Martin, F. O., San Francisco, Cal. 
Martin, Nicholas J., Loomis, Cal. 
Mathews, Prof. E. B , Baltimore, Md. 
Mean, J. H., London, England. 

Mein, W. W., San Francisco, Cal. 
Mem, Mrs. F., San Francisco, Cal. 
Merrill, C W., San Francisco, Cal. 
Merrill, F. J. H. , Los Angeles, Cal. 
Mesta, George, Pittsburg, Pa. 

Metcalfe, G. B., Kennet, Cal. 

Metcalfe, G. W., Kennet, Cal. 

Moran, Robert B., Palo Alto, Cal. 
Morley, Fredeiick H., Denver, Colo. 
Morley, Mrs. F. H., Denver, Colo. 
Muir, T. K., New York, N. Y. 

Noyes, W. S., Oakland, Cal. 

Noyes, Mrs. W. S., Oakland, Cal. 

Otto, Carl, Berlin, Germany. 

Oxnam, F. H., Lo-? Angeles, Cal. 
Parker, E. W., Washington, D. C. 
Pierce, James B., Sharpsville, Pa. 
Pierce, Mrs. J. B., Sharpsville, Pa. 
Pierce, Miss P., Sharpsville, Pa. 
Postlethwaite, B. H., San Francisco, Cal. 
Postlethwaite, Mrs. E. H., San Francisco, 
Cal. 

Postlethwaite, Miss, San Francisco, Cal, 
Pott, John W., Tacoma, Wash. 

Pott, Mrs. J. W.y Tacoma, Wash. 

Pott, Miss Ruth Van H., Tacoma, Wash 
Pott, John W., Jr., Tacoma, Wash. 
Proske, Theodore H., Denver, Colo 
Proske, Mrs. T. H., Denver, Colo. 
Putnam, B. B., San Francisco, CaL 
Rainsford, R. S., Jackson, Cal. 

Ralston, W. C., San Francisco, Cal. 
Raymond, R. W., New York, N. Y. 
Raymond, Mrs. R. W.,New York, N. Y. 
Raymond, Miss S. , New York, N. Y, 
Read, T. T., San Francisco, Cal. 
Redwood, Mrs. F. P., Baltimore, Md. 
Requa, M. L., San Francisco, Cal. 
Eequa, Mrs. M. L., San Francisco, Cal. 
Eiordan, D. M., New York, N. Y. 
Riter, George W,, Salt Lake City, Utah. 
Bix, E. A., San Diego, Cal. 

Roberts, Milnor, Seattle, Wash. 

Ross, G. McM., Stockton, Cal. 
Saunders, W. L., New York, N. Y. 


Saunders, Miss Jean, New Y’ork, N Y. 
Scheafe, H, J., New York, N. Y. 
Schieck, J. C., New York, N. Y. 
Schrader, Gustave, Sutter Creek, Cal- 
Sherrerd, John M., Easton, Pa. 
Sherrerd, Mrs. J. M., Easton, Pa. 
Sisley, L. A., Chicago, 111 
i Sizer, F. L , San Francisco, Cal. 

I Smith, G. Otis, Washington, D C. 
i Staunton, W. F., Los Angeles, Cal. 
!stow, Harry P., Alameda, Cal. 

1 Strong, A. M , Los Angeles, Cal. 

' Struthers, Joseph, New York, N. Y. 
Suman, John B., Berkeley, Cal, 
Siiydam, H C., Bound Brook, N. J. 
Suydam, Mrs H. C., Bound Brook, N J . 
Thomas, Edwin, Catasauqua, Pa. 
Thomas, Mrs- E , Catasauqua, Pa, 
Thomas, Miss E. R., Catasauqua, Pa. 
Thomas, F. F., Berkeley, Cal. 

Toulmin, P , Birmingham, Ala. 

Turner, B Chester, Berkeley, Cal. 
Ulrich, E U., San Diego, Cal. 

Vallat, Benj. W , Ironwood, Mich. 
Vaughan, A. E., New York, N. Y 
Voorheis, E. C., Sutter Creek, Cal. 
Weddle, J. H., New York, N. Y. 
Wellman, S. T., Cleveland, Ohio. 
AVersebe, Dr. F. W., Washington, Conn. 
AVest, J. C., San Francisco, Cal. 
Whittemore, Miss, London, Eng. 
Wiley, W. H., New York, N. Y. 
Wiley, Mrs. AV. H., New York, N. Y. 
Williams, David, New York, N. Y. 
Williams, Mrs David, New York, N. Y. 
Williams, G. F., Washington, D. C. 
Wilson, A. W. G., Ottawa, Canada 
Wilson, J. S., Pittsburg, Pa. 

Wilson, N. R., Beaumont, Texas. 
Wilson, Mrs. N. B., Beaumont, Texas. 
Wilson, W, A., Salt Lake City, Utah. 
Wolf, Otto 0., Philadelphia, Pa. 

Wolf, Mrs. O C , Philadelphia, Pa. 
Wolf, Julius, San Francisco, Cal. 

Wolf, Mrs. J., San Francisco, Cal. 

Wolf, Mrs. R. H., Philadelphia, Pa, 
Wood, AValter, Philadelphia^ Pa. * 
Woodward, W. M. H., Berkeley, Cal. 
Yale, Charles G., San Francisco, Cal. 
Young, George J., Reno, Nev. 
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Members and Guests Constituting the Special Train Party from 
Chicago to the Grand Canyon^ Los Angeles^ Santa 
Barbara^ Del Monte^ and San Francisco. 


Adams, Miss Rebecca A., Orange, Nf. J. 
Aldridge, W, H., Los Angele**, Cal. 
Ayres, Mrs E L C , Bound Brook, N. J. 
Ayres, W. S., Hazleton, Pa. 

Ayres, Mrs. W. S., Hazleton, Pa. 
Bellinger, H. P., Syracuse, N. Y. 
Bellinger, Mrs. H. P., Syracuse, N. Y. 
Berger, George B., Pittsburg, Pa. 
Berger, Mrs. R. B., Pittsburg, Pa, 

Boalt, Mrs. J. H., San Francisco, Cal. 
Bryce, Robert A., Cobalt, Ont. 

Bryce, Mrs. Robert A., Cobalt, Ont, 
Clark, William B., Baltimore, Md. 
Clark, Mrs. William B., Baltimore, Md. 
Coyne, Miss Bertha S , Philadelphia, Pa. 
Cremer, Felix, Needles, Cal. 

Cullum, J. Barlow, Pottsville, Pa. 
Dickman, R. N., Chicago, 111. 

Eaton, Clarence, New York, N. Y. 
Farnum, H. C , Ontario, Can. 

Garvin, J M , Rock Run, Ala. 

Gillett, Miss Mary, Westfield, Mass. 
Goodale, C. W., Butte, Mont. 

Holbrook, Levi, New York, N. Y. 
Holbrook, Mrs. Levi, New York, N. Y. 
Hunt, Robert W. Chicago, 111. 

Hunt, Mrs. Robert W., Chicago, 111. 
Hutchinson, Mrs. E. S., Newtown, Pa. 
Ingalls, W. R., New York, N. Y. 
Ingalls, Mrs. W. R., New York, N. Y. 
Le Boutillier, C., High Bridge, N. J. 

Le Boutillier, Mrs. C , High Bridge, N, J. 
Lincoln, John J., Elkhorn, W. Va. 
Lincoln, Mrs. J. J. , Elkhorn, W. Va. 
Mcllvain, William R., Reading, Pa. 


Mcllvain, Mrs. Wm. R., Reading, Pa. 
Mcllvain, William, Reading, Pa. 
Mathews, Prof. E. B. , Baltimore, Md. 
Mesta, George, Pittsburg, Pa. 

Morley, Fred H., Denver, Colo. 
Morley, Mrs. Fred H., Denver, Colo. 
Otto, Carl, Berlin, Germany. 

Pierce, James B., Sharps viUe, Pa. 
Pierce, Mrs James B., Sharpsville, Pa. 
Pierce, Miss Pauline, Sharpsville, Pa. 
Raymond, Dr. B. W., New York, N. Y. 
Raymond, Mrs. R. W., New York, N.Y. 
Raymond, Miss Susan, New York, N.Y. 
Redwood, Mrs. F. P., Baltimore, Md. 
Saunders, W. L., New York, N. Y. 
Saunders, Miss Jean, New York, N. Y. 
Sherrerd, J. M,, Easton, Pa. 

Sherrerd, Mrs. J. M., Easton, Pa. 
Struthers, Dr. Joseph, New York, N.Y. 
Suydam, H. C., Bound Brook, N. J. 
Suydam, Mrs. H.C., Bound Brook, N. J. 
Thomas, Edwin, Catasauqua, Pa. 
Thomas, Mrs. Edwin, Catasauqua, Pa. 
Thomas, Miss E. R , Catasauqua, Pa. 
Toulmin, Priestley, Birmingham, Ala. 
Vallat, Benjamin W., Ironwood, Mich. 
Vaughan, A. E. , New York, N. Y. 
Wersebe, Dr. F. O., Washington, Conn. 
Wiley, Maj. Wm. H., New York, N. Y. 
Wiley, Mrs. Wm. H., New York, N.Y. 
Wilson, J. S., Pittsburg, Pa. 

Wolf, Otto C., Philadelphia, Pa. 

Wolf, IMrs. Otto C., Philadelphia, Pa. 
Wolf, Mrs. R H., Philadelphia, Pa. 
Wood, Walter, Philadelphia, Pa. 
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Members and Guests Attending the Special Excursion to and 

in Japan. 


*Adams, Miss E. A., Orange, K. J. 
Bain, H. Foster, Ban Francisco, Cal. 
Bain, Mrs. H. F., San Francisco, Cal. 
Berger, Mrs. Bebecca B., Pittsburg, Pa. 
Berger, George B., Pittsburg, Pa. 

Boalt, Mrs. J. H., San Francisco, Cal. 
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I. Introduction and Summary. 

Ferric iron, cupric copper, and manganitic manganese are 
present in many mineral waters, and under certain condi- 
tions any one of them will liberate chlorine from sodium chlo- 
ride in acid solutions, l^ascent chlorine dissolves gold. Each 
of these compounds will thus release chlorine at high tem- 
peratures, and at low temperatures in concentrated solutions. 
In cold, dilate solutions, ferric iron will not give nascent chlo- 
rine in appreciable quantity in 34 days, and cupric copper is 
probably even loss efficient; but manganitic compounds (sup- 
plied by pyrolusite, etc.) liberate chlorine very readily. In a 
cold solution containing only 1,418 parts of clilorine per mil- 
lion, considerable gold is dissolved in 14 days when manganese 
is present. It should be expected, then, that those auriferous 
deposits, the gangues of which contain manganese, would show 
the eftects of the solution and migration of gold more clearly 
than non-manganiferous ores. 

Gold thus dissolved is precipitated by ferrous sulphate. It is, 
therefore, natural to suppose that gold in such solutions could 
not migrate far through rocks containing pyrite, since it would 
be quickly precipitated by the ferrous sulphate produced 
through the action of air, oxidizing waters, or the gold-solution 
itself, upon the pyrite. But the dioxide and higher oxides of 
manganese react immediately upon ferrous sulphate, converting 
it to ferric sulphate, which is not a precipitant of gold. Con- 
sequently, manganese is not only favorable to the solution of 
gold in cold, dilute mineral waters, hut it also inhibits the pre- 
cipitating action of ferrous salts, and thus permits the gold to 
travel farther before final deposition. 

These statements apply to the action of surface-waters de- 
scending through the upper parts of an auriferous ore-deposit, 
since such waters are cold, dilute, acid‘(i. e.^ oxidizing) solu- 
tions. In deeper zones, where they attack other minerals, they 
lose acidity, until the manganese compounds, stable under oxi- 
dizing conditions, are precipitated together with the gold. Thu s, 
manganite, as well as limonite and kaolin, is frequently found 
in secondary (i. e., dissolved and reprecipitated) gold-ores. 
Moreover, in the precipitation of secondary copper and silver 
sulphides, ferrous sulphate is generally formed; and, conse- 
quently, the secondary silver or copper sulphides frequently con- 
tain gold. 
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Those deposits in the United States in which a secondary 
enrichment in gold is believed to have taken place are, almost 
without exception, manganiferous. Since secondary enrich- 
ment is produced by the downward migration, instead of the 
superficial removal and accumulation, of the gold, it should 
follow that both gold-placers and outcrops rich in gold would 
be found more extensively in connection with non-manganifi 
erous deposits ; and this inference is believed to be confirmed 
by field-observations. 

The problem is not as simple as this preliminary statement 
of it may seem to indicate. Some of the numerous and com- 
plex data bearing upon it are collated and discussed in the 
pages that follow. 

Among the papers which treat the superficial alteration and 
secondary enrichment of copper-, gold-, and silver-deposits, are 
those of 8. F. Emmons,^ Weed,^ Penrose,® ■W’inehell,^ Van Hise,® 
Kemp,® and Pickard.’^ The processes upon which the changes 
depend are clearly outlined in these, and subsequent work has, 
in a large measure, confirmed the premises stated. The 
chemical laws and physical conditions controlling secondary 
enrichment have been reviewed in several reports more 
recently published and examples illustrating the processes 
have been multiplied. The papers of Lindgren, Ransome, 
Spencer, Boutwell, Irving, Graton, McCaskey, Spurr, and Gar- 
rey and Ball are particularly valuable. Such work has shown 
that the secondary enrichment of pyritic copper-deposits is an 
important and almost universal process; that many silver- 
deposits are enriched by superficial agencies ; but that many 
gold-deposits do not show deep-seated secondary enrichment. 

T. A. Rickard® has brought out clearly the processes by 


^ The Secondary Enrichment of Ore-Deposits, Trans. ^ xxx., 177 to 217 (1900). 

2 The Enrichment of Gold and Silver Veins, Trans., xxx., 424 to 448 (1900). 

® The Superficial Alteration of Ore-Deposits, Journal of Geology, vol. ii., No. 3, 
pp. 288 to 317 (Apr. -May, 1904). 

* Bulletin of the Geological Society of America, vol. xiv., pp. 269 to 276 (1902), 

® Some Principles Controlling the Deposition of Ores, Trans., xxx., 27 to 177 
(1900). 

® Secondary Enrichment in Ore-Deposits of Copper, Economic Geology, vol. i,, 
No. 1, pp. 11 to 25 (Oct.-Nov., 1905). 

^ The Formation of Bonanzas in the Upper Portions of Gold-Veins., Trans., 
xxxi., 198 to 220 (1901). 

^ JLioc. cut. 
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wliich gold-deposits may be enriched relatively near the sur- 
face in the oxidized zone by the removal of valueless minerals 
which arc more readily dissolved than gold. On the problem 
of deeper-seated procif)itation of gold below the zone of oxi- 
dation there is less evidence. In some mines, however, the 
transportation and deep-seated precipitation of gold is clearly 
shown, as was pointed out long ago by Weed. 

"While engaged in the investigation of certain auriferous 
deposits in the Philipsburg quadrangle, Montana, for the U. S. 
Greological Survey, I was confronted by evidence gained in two 
important mines, which seemed to be conflicting on this point. 
In one of them, the Cable mine, there was no evidence that 
gold Iiad been concentrated by cold solutions below the zone 
of oxidation, but in the Granite-Bimetallic lode there was 
enrichment of both gold and silver below the zone of leached 
oxides. The richer silver-minerals occur in cracks and in 
small fissures cutting across the banding of the primary 
deposits and are related very distinctly to the present topog- 
raphy of the country. The evidence therefore appeared to be 
conclusive that these minerals were deposited by cold mineral 
waters and that their metallic contents had been dissolved from 
portions of the lode higher up. The enriched silver-ore carries 
considerably more gold than the primary ore in the bottom of 
the mine, and more than the upper portion of the oxidized 
zone, including the outcrop. No placers have been formed from 
this deposit, although it has produced considerable gold. On 
the other hand, important placers have been developed just 
below the outcrop at the Cable mine. Clearly there lias been 
a kind of selection in the operation of the processes of solution 
and precipitation of gold. 

Although the ores of the two deposits differ in other respects, 
the most striking difference is in the manganese-content. The 
abundance of manganese in the Granite-Bimetallic manifests 
itself in the characteristic coloration of the ores — ^pink in the 
unoxidized, brown or black in the oxidized zone. In the 
Cable, manganese is practically absent The difference in 
manganese-content is so striking as to suggest a causal rela- 
tionship with the equally-marked difference in the amount of 
secondary enrichment. 

The use of manganese in the chlorination process to give 
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free chlorine, which dissolves gold, is well known. Le Conte ® 
said as early as 1879 that free chlorine is the most important 
natural solvent of gold, and Richard Pearce, in his presiden- 
tial address before the Colorado Scientific Society, in 1885, 
recorded experiments in which gold had been dissolved in hot 
sulphate solutions with common salt and manganese dioxide.^'^ 
Don obtained similar results with more dilute solutions.^^ It 
appeared desirable, therefore, to ascertain whether these reac- 
tions are carried on appreciably in cold dilute solutions similar 
to mine-waters ; and Nicholas Sankowsky and Clarence Eussell, 
in a seminar on the Chemistry of Ore-Deposits, which I con- 
ducted at the University of Chicago, compiled all available 
analyses of waters from gold- and silver-mines in non-calcareous 
rocks. A. D. Brokaw conducted a series of experiments at my 
request, using cold dilute solutions of compositions suggested 
by the analyses. He performed other experiments also, show- 
ing the action of manganese dioxide on ferrous salts, which are 
applicable to the study of the precipitation of gold. During 
the progress of this investigation, W, J. McCaughey, of the 
Bureau of the Mint, Washington, D. C., published his valua- 
ble paper on the solvent ejffect of ferric and cupric salt solutions 
upon gold, and this in a large measure supplemented the work 
carried on in the seminars at the University of Chicago. 

The experiments conducted by Brokaw showed that man- 
ganese in the presence of chlorides and sulphates is very 
much more efiBcient in the reactions dissolving gold than 
are the other salts which are common in mine-waters. To 
verify these results by field-evidence, the review of the lit- 
erature was taken up in greater detail, and there also the 
results indicate a marked diflference in the behavior of the 
cold dilute mineral waters in the presence and in the absence 
of manganese. Lindgren’s classification of the gold-deposits of 
North America has been of great value in reviewing these 
deposits; since in the United States manganese is rarely a 
gangu e-mineral in the primary gold-deposits as old as the 
early Cretaceous California gold-veins, whereas it is frequently 

® Elements of Geology^ p. 285. 

Proceedings of the Colorado Scientific Society^ vol. ii., p. 3 (1885-87). 

Prans.j xxvii, 654 (1897). 

Journal of the American Chemical Society, yol. xxxi., No. 12, pp. 1261 to 1270 
(Dec., 1909). 
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present in very appreciable quantities in those deposits which 
were formed nearer the surface and which are related to intru- 
sives of Tertiary age. Possibly this difference is due to con- 
ditions of temperature and pressure which, prevailed when the 
deposits were formed.'® Since there are no data which show 
the effect of highly-carbonated waters on these reactions, I 
have as far as possible eliminated examples of gold-deposits in 
limestone, and the discussion is confined mainly to deposits in 
non-calcareotis rocks. I have not attempted to review exhaust- 
ively the evidence afforded by deposits outside of the United 
States with respect to the hypothesis suggested, but some of 
these deposits appear to supply accurate confimatory data. 

In a statistical study of outcrops, to ascertain whether gold 
is more extensively leached in manganiferous lodes than in the 
outcrops of those which do not carry manganese, and whether 
placers are more freq^ueutly developed in connection with non- 
inaganiferous lodes, the reports of Dr. R. W. Raymond,'* written 
soon after the discoveries of many of the deposits, have been 
of great value. 

I wish to acknowledge my indebtedness to my colleagues of 
the U. S. Geological Survey, and to many other geologists 
whose accurate observations I have drawn upon to test the 
hypothesis. Their conclusions respecting the secondary en- 
richment of gold appear to support the hypothesis and, differ- 
ing as they do with respect to the migration of gold in partic- 
ular deposits, they become reconciled when inspected from 
this view-point, and thus they are themselves supported. Dr. 
R. 0. Wells, of the U. S. Geological Survey, has read critically 
certain portions of this paper, where the principles of physical 
chemistry are involved. 

n. Salts Ooittainbd in the Waters oe Gold- and Silver- 
Mines IN !N’on-Oaioarbods Rooks. 

The composition of mine-waters depends upon the character 
of the ore and wall-rock and the position of the deposit with 
respect to bodies of salt water. There are certain compounds 
which are generally present, and some which nearly always 
predominate. Of the few analyses which have been made of 

“ W. Lindgren, The Kelation of Ore-Deposition to Physical Oonditions, Eoo- 
nomic Qeology^ vol. ii., Ko. 2, pp. 105 to 127 (Mar. -Apr., 1907). 

Mines and Mining West of the Bocky Mountains (1868-1876). 
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waters from gold-mines, a large proportion are incomplete; 
and it is not always stated whether compounds not reported 
were looked for. Sankowsky and Russell, utilizing all data 
available to them, recalculated the analyses to the ionic form 
of statement, and where necessary to parts per million, and 
made a general average of the results. Where compounds 
were not reported in the analyses it was assumed that they 
were not present. Arsenic, antimony, and other elements, 
small traces of which must be present in some waters, are not 
reported. Since the averages were obtained by dividing the 
sums by the total number of analyses (29) and not by the 
number of analyses showing a particular element, and since 
some analyses are incomplete, any corrections applied for this 
source of error would tend to increase the number of parts per 
million indicated. On the other hand, some of the mine-waters 
were taken from places protected from the more active vadose 
circulation, and are clearly more concentrated than the major 
part of the waters. The average of analyses, although a rude 
approximation, is useful, since it gives some quantitative value 
to their factor in the problem, and indicates the general nature 
of the cold solutions in which the metals are transported. 

Table I. — Average of 29 Analyses of Waters Taken from Gold-, 
Silver-, and Gold-Silver Mines in Non- Calcareous Rocks. 


{Compiled hy N. Sankowsky and C. Rvssell.) 



Parts Per Million. 

Number of 
Determinations. 

Absent or 

Not Determined 

Cl a 

873 10 

22 

7 

S04 

7,292.29 

13 

16 

C03 

77.59 

7 

22 

NO, a 

0.06 

1 

28 

PO4 

0.00 

traces in 2 

27 

SJO2 

34.94 

12 

17 

K 

17.25 

7 

22 

Na« 

261.20 

9 

20 

Li 

0.10 

1 

28 - 

Ca 

295.00 

11 

18 

Sr 

0.06 

1 

28 

Mg 

242.44 

9 

20 

A1 

333.65 

6 

23 

Mn 

30.91 

6 

23 

Ni 

trace 

traces in 3 

26 

Co 

trace 

traces in 3 

26 

Cu 

5.09 

2 

27 

Zn 

2.70 

5 

24 

Fell 

277.66 

22 

7 

Feili 

603.07 

25 

4 

H (in acids) 

97.26 

10 

19 


« Probably too high (see discussion). 
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1. Sulphates. 

Primary gold-ores generally carry pyrite, wHch, oxidizing 
at or near tlie surface, yields ferrous sulphate, ferric sulphate, 
and sulphuric acid. The acid is not formed directly from 
galena, PbS, or from zinc-blende, ZnS, but pyrite, FeS,, carries 
more sulphur than is required to supply 80^ radical to satisfy 
the iron, even if ferric sulphate, Fe 2 (S 04 ) 3 , is formed instead of 
FcSOj. As lately shou'n by Buehler and Gottschalk,^® galena 
and zinc-blende dissolve very much more slowly in the absence 
of FeS^. The reaction probably requires free acid, which the 
iron sulphide, owing to its excess of sulphur, supplies. The 
sulphuric acid from pyrite is increased also by the hyclroliza- 
tion of ferric sulphate and the deposition of limonite. 

In Table I. the sulphate radical (7,292 parts per million) is 
nearly ten times as abundant as all other negative ions and 
is also in excess of bases, so that on any basis of adjustment to 
form salts much HjSOj remains. The table shows also an aver- 
age of 97.26 parts per million of hydrogen in acid. In view of 
the low atomic weight of hydrogen, this indicates the strongly 
acid character of the solutions. 

2 . Chlorides. 

Chlorine is present in most mine-waters. In 22 out of the 
29 analyses it is reported as traces or as determined quantities. 
The average of 29 analyses shows 873 parts per million, but if 
the one abnormally rich sodium-chloride water of Silver Islet, 
Lake Superior, is excluded, the remaining 28 analyses show 
but 111 parts per million. This figure is probably a better 
average. It would be further reduced some 2 or 3 parts by 
excluding the waters of the Geyser mine. Silver _ Cliff, Colo., 
which may have come from a deep source. "With these two 
exceptions, it is noteworthy that the waters from mines remote 
from salt water contain less chlorine than those near the sea or 
in undrained areas. The distribution of chlorine is an import- 
ant element in the migration of gold, and therefore I shall con- 
sider the sources of chlorine in some detail. 

The salt in sedimentary rocks may be dissolved by ground- 
water. From the available analyses it appears that this source 
is of less importance than would be supposed. The chlorine- 


IS Economic Geology y vol. y ., No. 1, p. 30 (Jan., 1910). 
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content of composite samples of 78 shales and of 263 sand- 
stones was only a trace, while an analysis of a composite of 345 
limestones showed only 0.02 per cent.^® A few rock-making 
minerals, such as chlor-apatite, scapolite, haiiyne, and nosean, 
contain combined chlorine ; but of these all but apatite occur 
mainly in very rare types of rocks. In some rocks chlorine is 
present probably as NaOl in the solid particles contained in 
fluid inclusions. The work of R T, Chamberlin, A, Grautier, 
and others, has shown that many granular igneous rocks, when 
heated to high temperatures, give ofi* gases equal to several 
times their own volume. While further inquiry of this char- 
acter is desirable, it is probably true that in general but little 
chlorine is present in such gases. But gases from certain 
volcanic rocks, such as obsidian, often contain a high proportion 
of chlorine and chlorides. Albert Brun has shown that some 
of the Krakatoa lavas contain gases which equal about one-half 
the volume of the rock, and that more than half of such gases 
consists of chlorine, hydrochloric acid, and sulphur mono- 
chloride. 

Apatite, though widespread in igneous rocks, is a very stable 
mineral, and consequently cannot be looked upon as an import- 
ant source of chlorine, although it may contribute small amounts 
when exposed to favorable conditions of weathering. The aver- 
age chlorine-content of igneous rocks is, according to P. W. 
Clarke, 0.07 per cent. 

Chlorine is present in nearly all natural waters. Its chief 
source is from finely-divided salt or salt water from the sea and 
from other bodies of salt water. The salt is carried by the wind 
and precipitated with rain.^® The amount of chlorine in natu- 
ral waters varies with remarkable constancy with the distance 
from the shore ; several determinations very near the seashore 
show from 10 to 30 parts of chlorine per million ; a few miles 
away it is generally about 6 parts per million; 50 miles from 
shore it is generally less than 1 part per million. A surface- 

F. W. Clarke, Bulletin No. 330, U. 8, Geological Survey ^ p. 27 (1908) 

Quelques Eecherches sur le Volcanisme aux Volcaus de Java. Cinqui^me 
partie. Le Krakatau. Archwes des Sdenees •physiques et mtureUes, Geneve, vol. 
xxviii, No. 7 (Juillet, 1909). 

D. D. Jackson, The Normal Distribution of Chlorine in the Natural Waters 
of New York and New England, Water Supply and Irrigation Paper No. 144, TJ. 8. 
Geological Survey (1905). 
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water from a reservoir at Leadville contained 1.14 parts of Cl 
per The isochlores parallel the shore-line with great 

regularity, as indicated in the map, Fig. 1, taken from Jackson’s 
report. The amount of chlorine contributed from this source 
even near the seashore appears small (from 6 to 10 parts per 
million) ; but it may be further concentrated in the solutions 
by evaporation or hy reactions with silver, lead, etc., forming 
chlorides, which in the superficial zone may subsequently be 
changed to other compounds. In arid countries, as suggested 
by 0. R. Keyes, dust containing salt doubtless contributes 
cUorine to the mine-waters. Penrose,® discussing the distri- 
bution of the chloride ores, pointed out long ago that these 
minerals form most abundantly in undrained areas. 

8. Carbonates and Alkaline Marths. 

The analyses in Table 1. do not include those from mines in 
limestones. The carbonate reported gives an average of 77 
parts per million. In the acid waters under consideration , tiie 
carbonates of the bases would necessarily be present as bicar- 
bonates, although this fact is not indicated in the analyses. 

Even in non-calcareous rocks considerable calcium (295 parts 
per million) and magnesium (242 parts) are carried by the 
waters. They are derived in part from reactions between the 
acid sulphates and the silicates of the wall-rock. 

4. Alumina. 

In some waters aluminum sulphate is abundant (the average 
of aluminum, 333 parts per million). It forms where sulphate 
waters attack kaolin, setting free SiO, and taking alumina into 
solution. The above average is probably high on account of 
one concentrated alum-water in a Comstock mine.^^ 

5. Nitrates. 

Nitrates are not abundant in mine-waters. In one analysis 
only^ is NO^ reported (1.60 parts per million), and this in 
a deep-seated water of questionable genesis. 

S. F. Emmons, G-eology and Mining Industry of Leadville, Colorado, Motw- 
graph^o.XlIi Geologiocd Swrvey, p. 552 (1886). 

Journal of Geology, vol. ii., Nfo. 3, p. 314 (April-May, 1894). 

Bulletin of the JDepariment of Geology, University of OaMfornia, vol. iv., No. 10, 
p. 192 (1904-06). 

’Geyser Mine, Silver CliS, Colo. See S. F. Emmons, Seventeenth Annual Re- 
port, U. S. Geological Survey, Part IL, p. 462 (1895-96). 
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The numbers on the isochlores indicate the jiarts of chlorine per million in the natural waters. 
Fig. 1. — Normai. Ciiloiiine Map of New England and New York. 

(Compiled by Daniel D. Jackson, U. S. Geological Survey, Water Supply and Irrigation Paper No. 144. ) 


14 MANGANESE ASD GOLD-ENEICHMBNT. 

6. Phosphates. 

Traces only of PO^ are reported from two mine-waters; 
others contained none, if determinations were made. 

7. Silica. 

Silica (35 parts per million) appears high for acid waters. 
The analyses include a manganiferous sulphate water from 
the Comstock, abnormally high in silica. 

8. Iron. 

Iron is the most abundant metal in the waters of gold-mines. 
Ferric iron (603 parts per million) is, according to these analy- 
ses, more than twice as abundant as ferrous iron (277 parts per 
million). Probably too little attention has been given to the state 
of oxidation of iron in unaltered mine-waters. Ferrous salts 
in solution, when exposed to air, rapidly become ferric ; yet, so 
far as I know, no mine-water which has clearly not had access 
to air has been examined with respect to the state of oxidation 
of the iron. Ferrous iron is much more abundant below than 
above the water-table. 


9. Manganese. 

If manganiferous minerals are present in the primary ore, 
they oxidize in the upper portion of the deposit to manganese 
dioxide or other high oxides of manganese ; and these, in turn, 
oxidize ferrous sulphate, in the presence of sulphuric acid, to 
ferric sulphate. Consequently, the iron in manganiferous waters 
is likely to be in the oxidized state. 

10 . Co'p’per. 

One analysis shows 147 parts of copper per million. Two 
other analyses show traces. Small amounts must be present 
in many other waters, since gold-ores often carry copper. Pos- 
sibly, small traces of the heavy metals were not looked for in 
many of the waters analyzed. 


^ Bidletm of the Department of Geology, TJniversiiy of Oal^orma, vol. iv., No. 10, 
p. 192 (1904-06). 
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III. Chemical Experiments in the Solution and 
Deposition op Gold. 

The superficial alteration of gold-deposits and the migration 
of gold in the deposits take place at low temperatures. At the 
very surface the temperatures range between 0° and 60° 0. 
and pressures do not exceed one atmosphere. At the normal 
gradient of increase, the temperatures, even several thousand 
feet below water-level, would not exceed 100° 0., and in the 
main are considerably lower. The general character and, 
approximately, the concentration of the solutions are known 
from the analyses of mine-waters. The conditions are fairly 
constant. From the mass of chemical data relating to the sub- 
ject, the following experiments seem to be particularly sugges- 
tive in connection with the present problem. 

1. Stokes^ placed gold leaf in a solution containing 26 g. 
per liter of ferric sulphate, and, after heating to 200° C., found 
that not a trace of gold had been deposited in the cold part of 
the sealed tube in which the experiment was carried on. This 
experiment does not confirm the statement frequently made 
that ferric sulphate will dissolve gold. 

2. Don“ exposed to air finely-divided gold and auriferous 
sulphide ores in solutions containing from 1 to 20 g. of fer- 
ric chloride and ferric sulphate per liter of water ; and after 
several months no gold had been dissolved. Presumably the 
gold was not mixed with the sulphide in all of the experiments. 

3. W. J. McCaughey,^® upon boiling for several hours 50 cc. 
of HCl (sp. gr. 1.178) diluted to 125 cc. with 250 mg. of gold, 
found there was no loss of gold. 

4. In a bent tube Stokes*^ heated gold leaf for 16 hr. at 
200° 0. in a solution composed of 85 g. of cupric chloride and 
138 cc. of 20 per cent. HOI in a liter of water. The gold leaf 
was dissolved and redeposited in the upper portion of the tube. 
He writes the reaction as follows ; 

Au -f- 3 OuOlj ±» AuClj -1- 3 CuOl. 


Economic Qeohgy, voL i.. No. 7, p. 660 (July-Aug., 1906). 

Trails,^ xxvii., 598 (1897). 

^ Journal of the American Chemical Society^ voL xxzi., No. 12, p. 1263 (Dec., 
1909). 

Op. citj vol. i., p. 649. 
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5. Stokes heated gold leaf to 200° C. in a closed tube con- 
taining a solution of 26 g. of ferric sulphate and 0.01 g. of 
NaCl. Gold was dissolved in 40 hours. 

6. Stokes found that at 200° 0. gold leaf was dissolved in 
a mixture of 2 parts of 20 per cent, solution of ferric chloride 
and 1 part of 20 per cent, solution of HOI. 

7. W. J. McOaughey^ dissolved gold at from 38° to 48° 0., 
in hydrochloric acid solutions of ferric sulphate. The results 
are indicated by the curves in Fig. 2. Solution A. contained 
1 g. of iron, introduced as ferric sulphate, and 25 cc. of HCl 



PxQ 2 . — Diagram Sho'wing the Bate of Solution of Gold in Concen- 
trated Solutions of Hydrochloric Acid and Ferric Sulphate. 
(Illustrating Experiment No. 7, by McCaugbey. ) 


(sp. gr. 1.178) in a solution diluted to 125 ec. containing 260 
mg. of gold rolled to 0.009 in. Solution J5 contained the same 
amount of iron sulphate and 50 cc. of HOI. Solution C con- 
tained 2 g. of Fe as ferric sulphate and 25 cc. of HOI. Solu- 
tion D had twice the concentration of A, The diagram shows 
the amount of gold dissolved after different periods of treat- 
ment. 

8. McOaughey found that gold is dissolved at from 38° to 
43° 0. in a strong solution of cupric chloride and HOI. The 

28 Economic Geology, vol. i., No. 7, p. 660 (July-Aug., 1906). 

^ Idemj p. 650. 

Journal of the American Chemical JSocfiety, vol. xxzi., No. 12, p. 1263 (Dec., 
1909). 

Idem, p. 1264. 
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amounts dissolved are shown by the curves in Fig. 3. Solu- 
tion A contained 1 g. of Cu as cupric chloride and 25 ce. 
of HOI (sp. gr. 1.178); solution B, 1 g. of Cu as OuCl^, and 
50 ce. of HOI; solution C, 2 g. of Ou as CuCl^ and 25 ce. of 
HOI; and solution JD, 2 g. of Cu as OuCl, and 50 cc. of HOI ; the 
final solution being in all cases diluted to the volume of 125 cc. 
The diagram shows that I), wMch was twice as concentrated 
as A, dissolved about 12 times as much gold. 



Fig. 3. — Diagram Showing the Solubility of Gold in Concentrated 
Solutions of Hydrochloric Acid and Cupric Chloride. 

(IllustratiDg Experiment No. 8, by McCaughey.) 


9. Richard Pearce®* placed native gold in a flask contain- 
ing hydrated manganese dioxide with 40 g. of salt and 5 or 6 
drops of H2SO4. After heating for 12 hr. appreciable gold had 
been dissolved. 

10. T. A. Rickard®^ extracted 99.9 per cent, of the gold 
from rich manganiferous ore with a solution of ferric sulphate, 
common salt, and a little H,S04 

11. Don“ found that 1 part of HOI in 1,250 parts of HjO, in 
the presence of MnO^, dissolves appreciable gold. 

A number of experiments on the solubility of gold in cold 
dilute solutions were made at my request by A. D. Brokaw.® 
The nature of these experiments is shown by the following 
statements, in which (a) and (b) represent duplicate tests : 


Trans,,, xxii., 739 (1893). 

Tram,, xxvL, 978 (1896). 

Trans,, xxvii., 599 (1897). 

Journal of Geology, vol. xviii., No. 4, pp. 321 to 326 (May- June, 1910). 
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12. Fe, (SO,), + II, so, + Ao. 

(ri) no weigliable loss. (34 clays.) 
(b) no weigliable loss. 


13. Fe, (SO,),, + H,SO, + MnO, + Au. 

(а) no weighable loss. (84 clays.) 

(б) 0.00017 g. loss.« 

0 This duplicate was found to contain a trace of Cl, which probably accounts for 
the loss. 

14. FeCla + HCl + An. 

(a) no weighable loss. (34 days.) 

(i) no weighable loss. 

15. FeCl, + HCl + MnO, 4- An. 

(а) 0.01640 g. loss. Area of plate, 383 sq.mm. 

(34 days.) 

(б) 0.01502 g. loss. Area of plate, 848 sq. mm. 

In each experiment the volume of the solution was 60 ce. 
The solution was one-tenth normal with respect to ferric salt 
and to acid. In experiments 13 and 15, 1 g. of powdered 
manganese dioxide was also added. The gold, assaying 999 
fine, was rolled to a thickness of about 0.002 in. ; cut into 
pieces of about 350 sq. mm. area, and one piece, weighing about 
0.15 g., was used in each duplicate. 

To approximate natural waters more closely, a solution was 
made one-tenth normal as to ferric sulphate and sulphuric acid, 
and one twenty-fifth normal as to sodium chloride. Then 1 g. 
of powdered manganese dioxide was added to 50 ce. of the 
solution, and the experiment was repeated. The time was 14 
days. 

16«. Fe, (SO,), -h H38O, -h Had -f Au. 

Ho weighable loss. 

165. Fe, (SO,), -j- H3SO, + HaCl -j- MnO, -f- Au. 

Loss of gold, 0.00505 gram. 

The loss is comparable to that found in experiment 15, allow- 
ing for the shorter time and the greater dilution of the chloride. 

To determine whether the free acid or the ferric chloride is 



MANGANESE AND GOLD-ENEICHMBNT. 


19 


the solvent, experiment 17 was made, in which 50 cc. of one- 
tenth normal HCl was used with 1 g. of powdered MnO,. 

17. HOI + MnOj An. 

Loss of An, 0.01369 g. Time, 14 days. 

In experiment 18, sodium hydroxide was added to 50 cc. of 
one-tenth normal ferric chloride solution until the precipitate 



GRAMS FS AS FERROUS SALT IN 125 oo. 


Fig. 4. — Diagram Illustbattstg the Effect of Ferrous Sulfhate in 

SUPFRESSING THE SOIiUBILITY OF GOLD IN FbRRIC SuRFHATB SOIiUTIONS, 
WHERE Gold is Dissolved as Chloride. 

(Illustrating Experiment No. 19, by McCaughey.) 

formed barely re-dissolved on shaking, after which 1 "g. ot 
powdered MnO^ was added. 

18. FeClj -|- MnOj + Au. 

Loss of Au, 0.00062 g. Time, 14 days. 
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These results show, that in the presence of manganese 
dioxide, free hydrochloric acid is more eiBSleient than ferric 
chloride. The same amount of chlorine was present in both 
solutions.^® 

19. McCaughey’s experiments show the effect of very small 
amounts of ferrous sulphate on solutions of gold in ferric sul- 
phate. To a solution, 125 cc., containing 1 g. of iron as ferric 
sulphate and 25 cc. of HCl, ferrous sulphate was added in 
quantities containing from 0.01 to 0.25 g. of ferrous iron. 
The solutions \Yere immersed in boiling water and subse- 
quently 250 mg. of gold was added. The dissolved gold was 
determined at the end of 1 hr. and 3 hr. At the end of 3 hr. 
the gold dissolved was greater, probably because some ferrous 
sulphate had changed to ferric sulphate. Even 0.01 g. of the 
ferrous iron greatly decreases the solubility of gold in the ferric 
sulphate and HCl solution, and 0.25 g. of ferrous sulphate 
drives nearly all the gold out of solution. These experiments 
are illustrated by Fig. 4, in which the horizontal lines represent 
ferrous salt put in the mixture and the vertical lines the 
amount of gold (in milligrams) dissolved by chlorine in the 
solution. The lower curve represents conditions at the end of 
1 hr., the upper curve at the end of 3 hr., when some of the 
ferrous salt had oxidized by contact with the air. 

20. To determine the rate at which ferrous sulphate, in the 
presence of sulphuric acid and manganese dioxide, would be 
oxidized to the ferric salt, Brokaw made the following experi- 
ment : 

100 cc. of 1.6 normal FeSO^ was acidified with sulphuric 
acid and shaken vigorously with 5 g. of powdered MnO^. 
After 5 min., the solution was filtered. Ho ferrous iron was 
detected by the ferricyanide test, showing that the iron had 
been completely oxidized to the ferric state, 

TV. Discussion oi Experiments. 

1. Nitrates. 

Dilate acid nitrate-chloride waters readily dissolve gold, 
since they are equivalent to weak aqua regia. The chlorine 

“ Brokaw, Journal of G-eology, vol. rviii., No. 4, pp. 322 to 823 (May-June, 
1910). 
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set free by the reaction oxidizing HCl is more active than a 
solution of chlorine in water, and converts gold into gold 
chloride. For present purposes we may consider that the 
reaction is as follows : 


9 HCl + 3 HNOg -f 2 An-- 6 H,0 + 3 NOCl -f 2 AuC]3. 


Hitrosyl chloride, HOCl, which is formed in this reaction, 
does not react directly with gold, but is thought by some to 
ajSFect the reaction favorably as a catalytic agent. Whether this 
is true or not, in each of the reactions by which gold is dis- 
solved in chloride solution its solvent power may be ascribed to 
its ‘^nascent” state. In this reaction, as in those which follow, 
the presence of an element with more than one valence is a 
necessary condition, and its valence is reduced as gold passes 
into solution. 

The reaction given above, 3 HCl + ISTHO^, may be written as 
follows : 


O 


Cl- 


H + H — 0- 


N 


= 0 + 2 H . Cl 2 H 2 O - 4 - CI 3 + Cl -- N = O. 


The chlorine reacts with gold, forming soluble gold chloride. 
2 All + 3 Cb-2 AuCV 

With regard to the latter reaction, Dr. E. C. Wells, of the 
IT. S. Geological Survey, supplied the following note : 

“ The reaction (2 Au -[- 3 Cl^ 2 AuClg) aims to express the 
initial and final stages, but says nothing of the mechanism of 
the reaction or the necessity for the chlorine being in the ^ nas- 
cent^ state. In accordance with present theories, a ‘nascent’ 
chlorine atom, while taking a negative charge to form chloride, 
allows the corresponding positive charge to ionize the gold, 

Au + O == Au“. 

This ionization occurs with greater difficulty in the case of 
gold than with almost any other metal. The aurous ion passes 
with great readiness into the auric ion, Au*’". Moreover, 
both ions form complexes with chlorides. The effectiveness of 


Alexander Smith, General Inorganic Chendetry, p. 449 (1907). 
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ehlorine in dissolving gold in accordance with this theory may 
be ascribed partly to the production of the complex gold 
chloride ions, thus removing the gold ions from solution with 
such effectiveness that more gold ionizes, and thus the process 
continues until equilibrium is established.” 

In the 29 analyses of mine-waters HOj is reported from but 
one (Geyser mine, Silver Cliff’, Colo., 1.6 parts per million), 
and this is a water of questionable genesis. Possibly, nitrates 
are more abundant than is indicated by the analyses; and if so, 
they must increase the solvent power of chloride solutions; 
but the data at present available do not indicate that they affect 
the suiierfieial reactions to any important extent. 

2. Manganese, Ooddes. 

That gold is dissolved in moderately dilute solutions con- 
taining salt and manganese oxides is shown by experiments 
11, 15 and 16. The reaction with manganese used to prepare 
chlorine commercially is illustrated by the following equation : 
(The reaction is not so simple as stated. It is discussed later.) 

MniiiiO., + 2 mci + 3 H,SO* 2 H,0 + 2 NaHSO, + 
MniiSb, + 2 01. 

At the beginning of the reaction the manganese has a valence 
of four ; at the end a valence of two. With acid the reaction 
may be as follows : 

MiiO, + 4 HCl - 2 H,0 + MnOh -f Cl,. 

Besides the presence of a chloride, some other conditions 
are essential to the solution of gold. There appear to be two. 
One is that some other substance must also be present which 
is capable of being reduced so as to liberate chlorine — as, for 
example, a ferric salt which may be reduced to the ferrous, a 
cupric to the cuprous, the higher manganese salts to the lower, 
etc. The other is the evolution of “ nascent ” chlorine. This 
is particularly illustrated by the action of aqua regia or the pro- 
duction of chlorine by hydrochloric acid and pyrolusite. In 
short, any of a number of methods of producing free chlorine 
would be effective in the solution of gold. Possibly both of the 
conditions just mentioned may in the last analysis be identical. 
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The essential point is that the atomic chlorine in a state of 
molecular exchange or evolution is able to combine -with the 
gold. For present purposes the gold may be considered to 
dissolve as gold chloridej although chemical investigations favor 
the theory that a complex ion containing gold is formed. The 
only consideration which becomes important in its geological 
aspect is the presence of the compounds which not only admit 
of easy changes of valence, but which act upon hydrochloric 
acid with the production of free chlorine. 

In mine-waters chlorine is supplied as FaCl. 

16b, Fe, (SO 4 + H,SO* + FaCl + MnO, + Au 
N/10 H/IO lvr/25 1 g. 0.15 g. 

0.00505 g. loss of gold by solution in 14 days (cold). 

Under the same conditions without manganese there was no 
weighable loss (see experiment 16a). 

As used herein the normal solution contains 1 g. -equiva- 
lent of the solute in 1 1. of solution. A solution normal with 
respect to chlorine contains 1 g. of chlorine times 35.45, the 
molecular weight of chlorine, in 1 L of solution. 

In this experiment the concentration of Cl (1,418 parts per 
million) is not so great as has been observed in a few mine- 
waters, and not more than three times as great as Don deter- 
mined in waters from a number of Australasian mines.®® The 
solutions, however, contain more chlorine than the average of 
29 analyses of mine-waters (873 parts of 01 per million), con- 
siderably more than that of 28 analyses (111 parts of Cl per 
million), and more than most mine-water analyses from Ameri- 
can gold-mines. 

Manganese is abundant in many gold-bearing deposits; is 
sparingly represented in some; and from a very large number it 
has not been reported. The chief primary minerals are the car- 
bonates (rhodochrosite and manganiferous calcite), the silicate 
(rhodonite), amethystine quartz, and the less-abundant sulphide, 
alabandite. Some rock-making minerals carry small amounts 
of manganese. It readily forms sulphates, chlorides, etc., and 
is dissolved by acid mine-waters. In the 29 analyses of Table 
I. it is reported from 6 mines. In some waters it is abundant. 


Trans,, xxvii., 654 (1897). 
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The average of the 29 shows 30.9 parts per million. Even 
a little manganese generally stains the gossan black or choco- 
late-brown, and consequently it* is readily recognized in the 
oxidized ores. Manganese changes its valence more readily 
than other elements common in gold-ores and it is in many 
respects unique among the elements. The following note is 
abridged from Alexander Smith, General Inorganic Chemistrg, 
p. 737 : 

It stands alone on the left side of the eighth column of the periodic table ; the 
right side of that column is occupied by the halogens. It is never univalent as 
the halogens are ; but the heptoxide, MuoO., and corresponding permanganic acid, 
HMnOi, are in many ways closely related to the heptoxide of chlorine and per- 
chloric acid, HCIO3. Permanganic acid is a very active acid. Contrary to the 
habit of feebly acidic and feebly basic oxides such as those of zinc, aluminum and 
tin, the basic oxides of manganese ar^ not at all acidic and the acidic oxides, 
with the possible exception of Mn203, are not also basic. There are thus five 
rather well defined sets of compounds showing five different valences of the 
element. 

These include manganosite (MnO), pyrochroite (MnO.HaO), 
manganite (MujOj-HjO), hausmannite (MnsO*), pyrolusite (MnOa), 
psilomelane, etc. 

3. Lead Oxides. 

Lead oxide, like manganese oxide, is said to facilitate the 
solution of gold when added to solutions of ferric sulphate 
and sodium chloride. Lead is both bivalent and quadrivalent 
and forms corresponding oxides and hydroxides. These, how- 
ever, are generally not abundant in the oxidized zones of lead- 
hearing ore-deposits, probably because the lead carbonate and 
the sulphate are relatively insoluble in water and usually are 
formed instead of* the oxides. Lead is reported in but one of 
the 29 analyses of waters from gold- and silver-mines, tab- 
ulated above, and in this case the water carried but 1.35 parts 
per million. Many gold-deposits contain hut little lead and 
some contain none. It is believed to he of very subordinate 
importance in connection with the solution of gold. 

4. Ferric Compounds. 

As shown by experiments, gold is not dissolved by hydro- 
chloric acid, by ferric sulphate, or by ferric chloride. It is 

Victor Lehner, Journal of the Ameriean Chemical SoaUiy, voL xxvi., No. 6, p. 
662 (May, 1904). 
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dissolved at 38° 0. in concentrated solution containing both 
ferric sulphate and hydrochloric acid. 

6. The Effieiency of Ferric Iron and Cupric Copper to Supply 
Nascent Chlorine, Compared loith that of Manganitic 
Manganese. 

As shown by experiment 4, a concentrated solution of CuClj 
with HCl dissolves appreciable gold at 200°, and Fig. 3 shows 
that a solution containing 1 g. of copper as cupric chloride and 
25 ec. of HCl (sp. gr., 1.178) in 125 ce. of solution at 88°+, dis- 
solves 0.28 mg. of gold in 163 hr. Since cupric copper and fer- 
ric iron are present in many mineral waters, the nature of these 
reactions should be considered in some detail in order to com- 
pare their efficiency with that of manganitic manganese. 

Solutions of ferric sulphate with sulphuric acid and salt dis- 
solve gold at high temperatures. Concentrated solutions of 
ferric sulphate and hydrochloric acid dissolve gold at from 38° 
to 43° C. In the cold, the reaction may go on in concentrated 
solutions, but in those approximating the concentration of mine- 
waters (and one of them considerably more concentrated than 
most mine-waters) no weighable loss of gold was obtained. 
With MnOj under the same conditions there was a very appreci- 
able loss in a solution containing only 1.4 g. of 01 in a liter. It 
appears, therefore, that the action of ferric iron on gold in cold 
dilute mine-waters with H^SO^ and HaCl is probably negligi- 
ble; for the experiments with ferric iron in such solutions, 
without manganese, extended over a period of 34 days without 
weighable loss of gold. 

Many auriferous deposits contain copper ; and it is desirable 
to compare the efficiency of cupric with ferric salts and with 
manganitic salts in similar solutions. Since the reactions which 
give nascent chlorine are conditioned upon the presentee of 
some element that changes its valence in the reactions, and 
since the processes underground take place in sulphate solu- 
tions, it did not appear necessary, after ferric salt had been 
shown to be incompetent, to conduct experiments with copper; 
for, as is well known, cuprous salts, though they may be pres- 
ent, have never been detected in acid sulphate mine-waters, 
whereas ferric and ferrous sulphate are'very common in such 
waters. 
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Fig. 2 shows that in 168 hr. a solution carrying 2 g. of fer- 
ric iron as sulphate and 50 cc. of HCl (sp. gr. 1.178) diluted 
to 125 cc., with 250 mg. of gold in the solution, dissolves 6 
mg. of gold. Ill the same time, as shown by Fig. 8, a solu- 
tion containing 2 g. of copper as cupric chloride and 50 cc. of 
HCl diluted to 125 cc., dissolves hut 2.84 mg. of gold, the same 
amount of gold being exposed. These results indicate that, in 
concentrated solutions at least, cupric salt is less eflS.cient than 
ferric salt. Comparing the details of the curves, however, it 
appears that the reaction with ferric salt is probably near a 
state of equilibrium ; but the experiment with cupric salt sug- 
gests that, given a longer time, considerably more gold mfxj 
be dissolved. It cannot be concluded, therefore, that the sol- 
vent action of a cupric salt would be less than that of a ferric 
salt, if a very much longer time were allowed to lapse before 
the loss of gold in the two experiments was ascertained, 
although the experiments suggest that this is probable. 

The curves of Fig. 3 show that a dilution of the concentrated 
solution of cupric chloride and hydrochloric acid greatly de- 
creases the amount of gold dissolved under the same conditions. 
For example, the solution containing 2 g. of copper as cupric 
chloride and 60 cc. of HOI (sp. gr. 1.178) dissolved 2.84 mg. of 
gold in 163 hr. Under the same conditions a solution of the 
same salts, but of one-half the concentration, dissolved only 0.23 
mg. of gold in 163 hr. It thus appears that a dilution of the 
solution to one-half decreases its solvent action (2.84 divided 
by 0.23) to about one-twelfth. If the solvent were diluted to 
approximately the strength of mine-waters, it should be ex- 
pected that the eflGLciency of cupric salt in these reactions 
would be almost immeasurably decreased. Indeed, the lower 
curve, in Fig. 3, strongly suggests this, and indicates also 
that ^ the reaction with cupric salt at this concentration is 
nearing completion; for about half as much gold (0.11 mg.) 
was dissolved by this solution in 66 hr. as was dissolved in 163 
hr. (0.23 mg.). It is improbable that the character of this 
curve would greatly change if the reaction continued over a 
period twice as long, and, projecting the curve to 14 days, in 
order that the solvent action of cupric salt may be compared 
with that of manganific salt, it appears that in 14 days 0.48 
mg. of gold would be dissolved in waters of this concentration, 
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assuming that the gold dissolved is in proportion to the time 
exposed, thus giving the advantage to cupric salt. The ex- 
periments with MnOa were carried on at about 18° C., and 
those with cupric salt at from 38° to 45° 0. 

The gold dissolved (experiment 16i) in the dilute solution 
with manganese was more than 10 times as much as that 
dissolved with the cupric salt (experiment 8). The hydrochloric 
acid (sp. gr. 1.178) with cupric chloride contained 34.99 per 
cent, of HCl and 34 per cent, of 01. Disregarding the Cl in- 
troduced by cupric chloride, the solution used (25 cc. diluted 
to 125 cc.) contained 6.8 per cent. 01. The solution with man- 
ganese dioxide (one-twenty-fifth normal) contained but 0.14 
per cent, of 01. The chlorine (in acid) in the experiment with 
copper was thus 49 times as much as the total chlorine in the 
experiment with manganese. 

The amount of solution used in experiment 8, with cupric 
salt, was 2.5 times as much as the amount of solution used in 
experiment 165, with manganese, but the area of gold exposed 
was not so great. In experiment 8 the gold was rolled to a 
thickness of 0.009 in. and cut into 1-mm. squares, whereas that 
used in experiment 165 was rolled to a thickness of 0.002 in., 
exposing areas of about 350 sq. mm. In the experiment with 
copper 250 mg. of gold was introduced, whereas only 150 mg. 
was introduced in experiment 165. Correcting for areas ex- 
posed, a cupric solution 50 times as concentrated as the man- 
ganitic solution with respect to chlorine will dissolve about one- 
fifth as much gold where equal areas are exposed. In other 
words, the action with manganese appears to be more than 250 
times as efficient as with cupric salt, even if it is assumed that 
further dilution would not decrease the solvent action of cupric 
salt in a geometrical ratio, as is indicated by the curves in 
Fig. 3. Comparing the end-points of curves A. and j 9, Fig. 3, 
it is seen that a dilution of the solution to one-half decreases 
the solvent action with cupric salt to about one-twelfth. If 
further dilution to one-twenty-fifth normal HCl decreases the 
solvent action with cupric salt in this ratio, then the efficiency 
of the solution with cupric salt would be about iTTnriunnr 
great as with MnOg. It is thus shown that the efficiency of 
cupric salt compared with that of manganitic salt under these 
conditions is somewhere between 0.004 and 0.000001. 
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6. The Amount of Chlorine Necessary for the Solution of Gold 
in the Presence of Ilanganese Compounds. 

In experiment 15 (a), with MnOj, 0.01640 g, of gold was dis- 
solved in 34 days with solution one-tenth normal with respect 
to chlorine. A solution with hut 40 per cent, as much Cl (ex- 
periment 166) dissolved 31 per cent, as much gold in 14 days as 
was dissolved in the more concentrated solution in 34 days. 
These results show that in 15 (a) conditions are probably ap- 
proaching equilibrium and also that the solvent power of chlo- 
rine is approximately proportional to the amount present. That 
a weighable quantity of gold is dissolved when only a trace of 
chlorine is present is shown by experiment 13 (6), in which 
chlorine was introduced without intention. 

7. The Precipitation of Gold. 

Although gold is readily precipitated by organic matter, this 
reaction is not of great importance in igneous rocks. There 
ferrous sulphate is the chief precipitating-agent. Ferrous sul- 
phate is formed by the oxidation of pyrite, but in the presence 
of oxygen and HSO, it becomes ferric sulphate, which does 
not precipitate gold. Below the water-table, where pyrite is 
more abundant and free o-xygen less abundant, ferrous sulphate 
may persist in the mine-waters. Ferrous sulphate is so effective 
as a precipitant of gold that it is used for that purpose in metal- 
lurgical processes. Experiment 19, by Nf. J. McCaughey, shows 
that a minute amount of ferrous sulphate greatly decreases the 
solubility of gold, although it does not precipitate it completely. 
With excess of ferrous salt practically all of the gold is pre- 
cipitated Don*® has shown that many of the sulphate mine- 
waters of IsTew Zealand and Australia contain abundant ferrous 
iron ; and that such waters will first precipitate gold, but after 
oxidation will dissolve it. 

Ferrous sulphate is formed in the upper part of a lode above 
the water-table; but owing to the open condition of that part of 
the lode, air is freely admitted and ferric sulphate forms, at the 
expense of ferrous sulphate and sulphuric acid. This reaction 
takes place almost instantaneously if MnO^ is present (experi- 
ment 20), for ferrous sulphate and manganese dioxide are under 


^ TrauK^ xxvii., 599 (1897). 
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these conditions incompatible. Manganese dioxide then not 
only releases the solvent for gold, but eliminates the salt which 
precipitates it. It is doubtful whether appreciable amounts of 
gold are ever carried far below the water-table in mines where 
the waters carry ferrous sulphate, but, in the presence of MnOj,, 
ferrous sulphate may be eliminated below the water-table. 

When manganese dioxide takes part in the reactions by 
which, under the conditions named, gold is dissolved, trans- 
ported and precipitated, the manganese salt is itself changed. 
At the surface pyrolusite, MnO^, forms, for there an excess of 
oxygen prevails; and this mineral is commonly found in the 
gossan of manganiferous lodes. When solutions containing 
H2SO4 and NaOl react on MnOa there is a tendency to form 
MnS04, and some manganese goes into solution as sulphate, 
but salts of manganese with higher valence may also form. In 
this connection Dr. R. 0 . Wells has offered the following state- 
ment: 

an acid solution containing some free chlorine, such as has been assumed 
to be effective in dissolving gold, there would also be a tendency towards the 
formation of permanganic acid. On the other hand, the production of the chlorine 
necessarily results in the reduction of the manganese compound. Now a mangan- 
ous salt is known to react with permanganate to reproduce MnOa and this illus- 
trates the tendency of manganese to pass with ease from one stage of oxidation to 
another. The precipitation of manganese will occur more and more as the solu- 
tion loses its acidity. It is well established that manganous salts in an acid envi- 
ronment are very stable ; but in neutral or alkaline solutions they oxidize more 
vigorously, one stage of their oxidation being the manganic salt which hydrolyzes 
into MngO^.HgO (manganite), with even greater ease than ferric salts into liinonite. 

“ In these ways the migration of an acidic solution would result in the transpor- 
tation of both gold and manganese. But in a region of basic, alkaline and 
reducing environment the manganese would be re-precipitated, the free acid neu- 
tralized, the chlorine absorbed by the bases and removed, and owing to the accu- 
mulation of the ferrous or other reducing salts, the gold would be re-precipitated.^’ 


V. The Transfer of G-old in Cold Solutions. 

1. Restatement of the Processes as Related to Secondary 

Enrichment 

Every theory of secondary enrichment of the metals consists 
essentially of three parts : (a) solution, (b) transportation, {c) 
precipitation. 

(a) As already stated, there is in the upper part of the ore- 
deposit, where oxidation prevails, abundance of ferric sulphate 



so MANGANESE AND GOLD-BNKICHMENT. 

and sulphuric acid. A little salt, hlaCl, or other chloride, is 
generally present The II^SOi, reacting upon NaCl, gives 
HOI, which, in the presence of MnO^, gives nascent chlorine, 
which dissolves gold. Some manganese goes into solution as 
sulphate, but certain higher manganates are probably formed 
as well. 

{h) This chemical system will move downward under hydro- 
static head. If it comes into a zone containing pyrite it will 
react upon the pyrite, and in the oxidation of the latter more 
iron sulphates and acid null be formed. If manganese dioxide 
is present, or if permanganic acid had been formed, no gold 
will be precipitated, and the system, with gold still in solution, 
will move to greater depths before ferrous sulphate can become 
effective. 

(c) But as the system moves downward, where no new 
sources of oxygen are available, the excess of acid is removed. 
There are many ways by which acidity is reduced along with 
these reactions, but the principal one is probably the kaoliniza- 
tion of sericite and feldspar. In these reactions sodium, potas- 
sium, calcium, magnesium, and other sulphates are formed 
from acid and silicates; the silica remaining as SiOj and 
kaolin ; the alkalies and alkalic earth sulphates going into solu- 
tion. As the acidity decreases, iron and manganese compounds 
tend to hydrolyze and deposit oxides. At this stage of oxida- 
tion FeSO^ becomes increasingly prominent, and not dnly 
completely inhibits further solution of gold but becomes 
increasingly effective as a precipitant. Thus mangauite is 
probably precipitated with gold. The fractures in the primary 
pyritie gold-ore below the water-level thus become coated with 
a manganiferous gold-ore, which may be very rich. The excess 
of oxygen which the system has carried down is used up in the 
manner indicated, and in this process limomte is formed, conse- 
quently the manganiferous gold-ore deposited in the fissures 
and cracks contains iron and kaolin as well as manganese 
oxides. 

2. Associatim of Gold with Manganese Oxides. 

Oxidized manganiferous ore frequently carries silver" with- 
out gold. In the oxidized zone such ore should be common ; 


Mining and Scientific Press, vol. xdv., No. 26, p. 796 (June 22, 1907). 
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but in the sulphide zone different relations, according to the re- 
quirement of the theory, should generally be shown. In this 
zone the manganese acts not so much as a solvent for gold, but 
rather as an agent which delays precipitation by converting the 
ferrous sulphate, which precipitates gold, to ferric sulphate. 
The gold has presumably been dissolved higher up, but it trav- 
eled downward in solution in cracks in the primary sulphide 
ore. It would be expected that the deeper-seated manganif- 
erous ore, unlike the lean ore in the oxidized zone, would be 
rich in gold. S. F. Emmons informs me that there is a com- 
mon feeling among the miners in Colorado that manganese is 
a very good sign of rich ore. The same feeling exists in the 
minds of many prospectors elsewhere. F. L. Ransome says^^ 
that in the Camp Bird and Tomboy mines black oxide of man- 
ganese occurs in the deeper workings (year 1901), and usually 
indicates good ore. In these cases, according to Ransome, 
The oxide appears to be associated with post-mineral fractur- 
ing . . . and to have been deposited later than the bulk of the 
ore.’^ In general, the gold-deposits near Telluride and Ouray 
show very little secondary enrichment and the primary ore 
is rich enough to pay handsomely, but the small rich man- 
ganese streaks may be rationally explained by the processes in- 
dicated. In the deposition of chalcocite ferrous sulphate is 
formed, and this would readily precipitate the gold if any were 
held in the solution. The relation of chalcocitization and 
deep-seated precipitation of gold is discussed on p. 42, 

In the oxidized zone small bunches of very rich mangan- 
iferous gold-ore are often found. I have seen such ore above 
the sulphide zone in certain camps in Hevada. Such benches 
of rich ore were probably formed when they were surrounded 
by sulphides, but were overtaken by the oxidized zone, which 
moves progressively downward, and the gold in the rich 
ore has not yet been dissolved. Such ores should in general 
be more abundant and richer in the lower part of the oxidized 
zone than near the apex, where they have been exposed for 
longer periods to the solutions dissolving gold. They may 
be compared with the rich partly-oxidized chalcocite which 
appears near the surface in certain copper-mines. Such ore 

A Heport on the Economic Geology of the Silverton Quadrangle, Colorado, 
Bulletin No, 182, TJ,S, Geological Survet/y p. 101 (1901 
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remains above the water-level because the table has been 
depressed more rapidly than the copper sulphide has been dis- 
solved. The mutual relation of these processes is discussed by 
W. Liudgren in his monograph on the copper-deposits of the 
Clifton-Morenci district, Arizona.® 

3. The Oscillating, Descending, Undulatorg Water-Table. 

The terms “water-table” and “level of ground-water” are 
generally used to describe the upper limit of the zone in which 
the openings in rocks are filled with water. This upper limit 
of the zone of saturation is not a plane, but a warped surface. 
It follows in general the topography of the country, but is less 
accentuated. It is not so deep below a valley as below a hill, 
but it rises with the country towards the hill-top and in general 
is higher there than in the valley. For is it stationary. In 
dry years it is deeper than in wet years, and in dry seasons it 
is deeper than in wet seasons. The difference of elevation be- 
tween the top of this zone in a wet year and in a dry year is 
normally greater under the hill-top than on the slopes and in 
the valleys. In mines where the ground is open the level of 
ground-w'ater probably changes with every considerable rain. 
Consequently, there is a zone above ground-water in dry periods 
but below it in wet periods, and in hilly countries this may be 
of considerable vertical extent. Thus the water-table oscillates, 
though in general moving downward with degradation of the 
land-surface. It is in this zone of oscillation of the water-table 
that chemical activity is most varied. "Without any change in 
the character of the drainage or of the more-constant condi- 
tions controlling the water-circulation, the chemical composi- 
tion of the solutions affecting this zone may change from season 
to season. They may at one time be ferric sulphate or oxidiz- 
ing waters and at another time ferrous sulphate or reducing 
waters, since, after a wet season, the ferrous sulphate waters 
from below would tend to rise, after dilution with fresh water 
added by the rains. Consequently, the minerals of this zone 
may include, besides the residual primary and secondary sul- 
phides, the oxides, native metals, chlorides, sulphides, carbo- 
nates, etc. Between the top of this zone and the surface or 
the apex of the deposit chemical activity is probably slow, be- 
^^Professional Paper No. 43, U. S. Geological Survey ^ p. 232 (1905). 
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cause there is a scarcity of sulphides and other easily-altered 
minerals to supply the salts upon which the chemical activity 
of ground-water in a large measure depends. As the country 
is eroded, this zone also descends; and if a mineral or metal 
persists long enough, the upper limit of the zone of active 
change passes below it. The mineral is thus “marooned,” 
and, not being exposed to minei’al-laden waters, it may ulti- 
mately be exposed at the outcrop of the deposit. 

4. The Several Successive Zones in Depth. 

As is clearly set forth by S. F. Emmons, "W. H. Weed and 
others, many metalliferous lodes, when followed from the sur- 
face down the dip, show characteristic changes. Below the 
outcrop, the upper part of the oxidized portion of the lode 
may be poor. Below this there may be rich oxidized ores; 
still farther down, rich sulphide ores; and below the rich 
sulphides, ore of relatively low grade. Such ore is commonly 
assumed to be the primary ore, from which the various kinds 
of ore above have been derived. The several types ot ore have a 
rude zonal arrangement, the so-called “ zones ” being, like the 
water-table, highly undulatory. They are related broadly to the 
present surface and to the hydrostatic level, but are often much 
more irregular than either; for they depend in large measure on 
the local fracturing in the lode which controls the circulation of 
underground waters. Any zone may be thick at one place and 
thin, or even absent, at another. If these zones are platted on 
a longitudinal vertical projection, it is seen that the primary 
sulphide ore may project upward far into the zone of secondary 
sulphides, or into the zone of enriched oxides, or into the zone 
of leached oxides, or may even be exposed at the surface. The 
zone of secondary sulphide enrichment (which is not every- 
where present) may project upward far into the zone of rich 
oxidized ore, or into the zone of leached oxides, or may outcrop 
at the surface. The zone of sulphide enrichment nearly always 
contains considerable primary ore, and very often the secondary 
ore is merely the primary ore containing in its fractures small 
seams of rich minerals. The zone of enriched oxides is gen- 
erally found above the water-table when the latter is at the 
lowest. This zone often extends to the outcrop. Indeed, it is 
at such places that most mines are discovered, for in districts not 

VOT. YT.TT — .5^ 
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known to contain metalliferous deposits a lean or barren out- 
crop is generally not extensively explored by prospectors. In 
regions of rapid erosion, and especially of rugged topography, 
the conditions for the exposure of rich oxides, or even rich sul- 
phides or primary ore, are more favorable. In places along the 
outcrop of a deposit where erosion is rapid the richer oxidized 
or sulphide ores may be exposed, whereas in other places, pro- 
tected from erosion, and therefore exposed longer to solution, 
the same outcrop is frequently leached. It is evident that the 
amount of metal remaining in the upper part of the oxidized 
zone and at the outcrop depends upon the ratio between the 
rate at which the metal is dissolved, and the rate at which 
the valueless constituents are dissolved and removed. Under 
certain conditions gold is removed very slowly, and the re- 
moval of valueless constituents may eifect a concentration at 
the very apex of the lode; while under other conditions, 
favorable to the solution of gold, it is removed more rapidly 
than the valueless constituents (such as silica and iron) and, 
in consequence, the apex and the upper portion of the zone 
below it are leached. In a country not subject to erosion it 
would be supposed that the outcrops of manganiferous lodes 
would be every where leached ; but rapid erosion may remove 
the upper part of the lode before it is completely leached, and, 
under favorable conditions, placers accumulate from the debris 
of the apex. 

It thus appears that all of these zones except that of the pri- 
mary ore are, broadly considered, continually descending ; so 
that ore taken from the outcrop may represent what was once 
primary ore; afterwards, enriched sulphide ore; still later, oxi- 
dized enriched sulphide ore; later still, leached oxidized en- 
riched sulphide ore; and finally become the surface-ore. 
Through more rapid erosion at some particular part of the 
lode, any one of these zones may be exposed; and hence an 
outcrop-ore of any character is possible. Consequently, longi- 
tudinal assay-plans, showing the changes of value in depth, 
though highly suggestive, and especially so when gold and 
silver are shown separately, are supplemented by studies of the 
paragenesis and by physiographic studies, in order that the ap- 
proximate rate of erosion of the lode at various places may be 
known. In the absence of such knowledge, it is generally im- 
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possible to tell the genesis of a particular sample of ore from 
a mine, although this may sometimes be clone. When all the 
data are assembled, however, greater confidence may be placed 
in the conclusion, since all the factors in the problem are in- 
timately related. 

5. Criteria for the Hecognition of Secondary Enrichment, 

I shall not attempt to review all the criteria for the recog- 
nition of secondary enrichment. They involve practically all 
available data relating to the geology and physiography of the 
region, as well as the observed characteristics of its ore-deposits. 
But each group of deposits may be studied with certain gen- 
eral criteria in view. Among these are : (1) the vertical dis- 
tribution of the richer portions of the lode with respect to the 
present surface and to the level of ground-water; (2) the miner- 
alogy of the richer and poorer portions of the deposit, and the 
character and vertical distribution of the component minerals ; 
(3) the paragenesis, or the structural relations shown by the 
earlier ore and that which has been introduced subsequently. 

In applying these principles, it should be remembered that 
circulation is generally controlled by post-mineral fracturing; 
that the changes depend upon climate and rapidity of erosion, and 
are affected by regional changes of climate, etc. Although the 
mineralogy of the ore is a useful aid, there are many minerals 
which are precipitated from cold solutions and also from ascend- 
ing hot solutions, and there are many others, the genesis of 
which is uncertain. Of the minerals formed in the zone of sec- 
ondary sulphide enrichment, few, if any, are known positively 
to form under such conditions only. There are some, however, 
such as chalcocite and covellite, which nearly everywhere are 
clearly of secondary origin. Ruby-silver is frequently, but not 
always, secondary. Other minerals, such as chalcopyrite, bor- 
nite, argentite, etc., have no definite indicative value unless 
their occurrence suggests that they are later than the primary 
ore. Where minerals, known to have formed elsewhere by pro- 
cesses of secondary sulphide-enrichment, are clearly later than 
primary ore, there is a strong presumption that they were 
deposited by cold descending waters. If it can be shown, in 
addition, that they do not extend to the bottom of the mine, 
but are related to the present topography of the country, then 
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this presumption maj^be regarded \rith considerable confidence 
as confirmed. 

Where paragenetic evidence suggests secondary enrichment, 
it should be determined whether the later minerals are those 
commonly formed by secondary processes, for, as shown by 
Weed and others, certain minerals, such as enargite and rho- 
dochrosite, may be deposited by ascending solutions in open- 
ings in older ore-bodies. 

With respect to gold, the problem is difficult, because the 
native metal is the only stable gold-mineral known to be de- 
posited from cold dilute solutions. Consequently, the appli- 
cable criteria are limited ; and the vertical distribution of the 
richer ore, though suggestive, is not in itself conclusive. 
Lindgron and Ransome, in their studies at Cripple Creek, have 
shown that the richer ore-bodies may have in general a rela- 
tionship to elevation, where there is little or no evidence of 
deep-seated secondary enrichment. The maximum deposition 
by ascending hot waters may be greater at one horizon than 
at another; and the rich ore, though showing broadly certain 
variations with depth, is in no way related to the water-table. 
If, however, it can be shown that rich seams of ore cross the 
primary ore and do not extend downward as far as the bottom 
of the primary ore, but are related to the present topography of 
the country, and if it is known that the associated minerals 
which fill such openings are those which may be deposited by 
cold waters, the evidence of their secondary origin is prac- 
tically conclusive. As already shown, seams of gold with limo- 
nite and manganese oxides occur in such relations. Similar 
ore frequently contains chalcocite and argentite also. Such 
occurrences could with great confidence be attributed to de- 
scending waters; and since it is known that they are commonly 
related to the present surface, a fair presumption is that they 
will disappear in depth. 

In the practical application of such reasoning to gold-bearing 
deposits it will sometimes be necessary to discriminate between 
the oxidized manganiferous gold-ore which has resulted simply 
from the oxidation of a primary manganiferous ore like one 
containing rhodochrosite, and that which has been deposited in 
fractures in the sulphides lower down. In other words, it is 
desirable to know whether rich manganiferous ore in the upper 
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part of a mine is residual from a primary ore-body, and there- 
fore will probably prove extensive, or represents the result of 
concentration under more deeply seated conditions after the 
manner indicated above. This discrimination may be easy in 
the sulphide zone, where the fractures with rich manganiferous 
ore are clearly shown; but in the oxidized zone one must rely 
upon the shape and distribution of the rich bunches. If they 
are related to cracks in the mass of the oxidized ore, the infer- 
ence is warranted, in the absence of other evidence, that they 
are residual secondary ore, and, being genetically related to the 
present topographic surface, are limited. 

The tellurides and selenides of gold are seldom or never de- 
posited from cold solutions ; hence native gold is, as already 
stated, the only gold-mineral which may be so deposited. 
But native gold is deposited by primary processes also, and is 
by far the most abundant gold-mineral so deposited. Conse- 
quently, in distinguishing between primary gold and gold 
deposited by cold solutions, one must rely upon associated 
minerals. When secondary chalcocite or certain secondary 
silver-minerals are deposited, the attendant reactions precipitate 
gold. Consequently, the richer bunches of gold-ore in the oxi- 
dized zone, residual from secondary ore formed under the deeper- 
seated conditions, may carry also considerably more copper and 
silver than the primary ore. But copper, and (unless cerargy- 
rite is formed) silver also, are more readily leached than gold, 
even when manganese is present. Hence, the evidence of this 
character may have been destroyed. 

With respect to other minerals associated with the secondary 
gold-ore, we are not warranted, in the present state of our 
knowledge, in drawing definite conclusions. From the nature 
of the reactions, I think it may be possible to show that man- 
ganite, MngOg.HaO, is, under conditions of incomplete oxida- 
tion, more often associated with the rich gold in such relations 
than pyrolusite, MnOg, ; for, as already observed, the lower 
oxide is more likely to be precipitated than the higher, when 
secondary gold is deposited under deep-seated conditions. But 
under oxidizing influences the manganese oxides change their 
character so readily that this criterion, if it has any value, is 
probably not applicable to ores in the upper part of the oxidized 
zone, where they have been exposed to more highly oxygenated 
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waters for a longer time. I make these suggestions with re- 
spect to the character of the manganese oxides associated with 
the rich ore, not because I think the reactions which precipitate 
manganese are well enough understood to give a positive para- 
genetic value to the oxidized manganese-minerals themselves, 
but in the hope that others will ascertain and report the char- 
acter of the manganese oxide associated with gold in the deeper 
zone and in the residual products from that zone. The streak 
of manganite is reddish brown, sometimes nearly black, whereas 
the streak of pyrolusite is black or bluish black ; but mixtures 
and pseudomorphs of the minerals occur, and it is sometimes 
almost impossible to determine which oxide is present. 

In some gold-veins the vein-cavities near and even a con- 
siderable distance below the oxidized zone are filled with a 
brown or black mud, which is frequently very rich. It is not 
safe to assume that the gold in such cavities was carried to its 
present position in solution and precipitated by ferrous sulphate. 
The fine pulverulent ore which collects in the cracks is rich in 
gold, and may have been carried downward in suspension. But 
such ore will generally show a horizontal stratification, which 
will seldom be shown by the ore deposited from solution. As 
suggested above, manganite, rather than pyrolusite, is probably 
formed when gold is precipitated. Such mud, deposited from 
suspension, may contain either pyrolusite or manganite or both; 
but it is rational to assume that the mud formed by precipita- 
tion in the deeper zone carries very little pyrolusite, but is 
mainly manganite. 

6. Lateral iligration of Manganese-Salts from the Country- 
Rock to the Ore. 

darkens analyses^® show that igneous rocks carry an average 
of 0.1 per cent, of manganese oxide, and many basic rocks 
carry from 0.2 to 0.9 per cent. Where basic dikes have cut an 
ore-body, they doubtless contribute manganese to the waters 
circulating in the deposit. The ore of the Haile mine, in South 
Carolina, is cut by basic rocks; and the ore-bodies of the Delamar 
mine, in Nevada, are crossed by a basic dike. Both of these de- 

** Cripple Creek, Professional Paper No. 64, U. S. Geological Survey, p. 199 
(1906). 

Bulletin No. 330, U. S. Geological Survey (1908). 
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posits show secondary enrichment of gold; and in both the 
better ore is found along the dikes. In general, however, the 
manganese from the country-rock cannot safely be assumed to 
have migrated extensively into the ore-deposit, for many analy- 
ses of mine-waters do not show manganese ; but where man- 
ganiferous rocks are intimately fractured and filled with seams 
of ore it would be supposed that the reactions requiring man- 
ganese could take place. 

The experiments of Dr. Eugene C. Sullivan, performed at 
the request of S. F. Emmons, in the investigation of another 
problem, have an important bearing here ; and Mr. Emmons 
has kindly permitted me to publish them in advance of his own 
paper. In so doing, I have abridged somewhat the statements 
of Dr. Sullivan. 

A sample of the lower white porphyry from the Thespian mine, Leadville, Colo., 
was finely ground and treated with carbonic acid and with sulphuric acid ; the 
rock contained 0.8 per cent, of iron and 0.033 per cent, of manganese. The ratio 
is about 24 to 1. 

Gftrbonic Acid . — 20 g. of the porphyry was taken in 40 cc. of water, and carbon di- 
oxide was passed into the mixture for some hours. In 20 cc. of the solution 0.03 
mg. of manganese were found and no iron. The results are probably correct for 
manganese to 0.01 mg. Less than O.Ol mg. of iron would have been detected, if 
present To preclude the possibility that the solution of manganese was facilitated 
by its reduction with metallic iron introduced from the hammer in pounding up 
the sample, another portion was similarly treated after metallic iron and magnetite 
had been removed by a hand-magnet. In this case 0.1 mg. of manganese and 
0. 02 mg. of iron were found in 20 cc. of solution. 

Sulphuric Acid . — 20 g. of the powdered porphyry stood over night in contact 
with 40 cc. of one-tenth normal sulphuric acid (0.196 g of H^SOi in 40 cc ). This 
has roughly the same molecular concentration as a saturated solution of carbon 
dioxide. The filtrate, 20 cc., contained 1.05 mg. of iron, all in the ferrous condi- 
tion, and 1 mg. of manganese The experiment was repeated under the same con- 
ditions, except that contact between the rock-powder and the acid was of but a 
few minutes’ duration ; 1.20 mg. of iron, practically all ferrous, and 0.90 mg. of 
manganese were found in 20 cc. of solution. One-tenth of a milligram is about 
the limit of accuracy in these cases. 

Potassium Sulphate . — Neither iron nor manganese could be detected in the solu- 
tion after treatment of the rock-powder with potassium sulphate. 

Manganese is therefore more readily extracted from the rock than iron under 
surface-conditions ; for, although it is present in the ratio of only 1 : 24 as compared 
with iron, yet carbonic acid takes out more than three times as much manganese 
as iron, and sulphuric acid gives a ratio of about 1 : 1.^® 

As to the precipitation of the two metals from a mixture of their salts in solu- 

Penrose,* The Chemical Belation of Iron and Manganese in Sedimentary 
Bocks, Journal of Geology^ vol. i., pp. 366 to 370 (May-June, 1893). Vogt, Bog 
Manganese-Ores, Zeitsehrift fur practische Geologic, vol, xiv., p. 217 (July, 1906). 
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tion, the following experiment shows that ferrous compounds are more readily 
oxidized and precipitated than manganous compounds. Ferrous sulphate solution 
and manganous sulphate solution were mixed in equi-molecular quantities (50 cc. 
containing 2 mg -molecules of each, i e, 0.112 g. of iron and 0110 g of man- 
ganese), with sufficient powdered calcite (Iceland spar) to react with one of the 
metals (0 200 g.-molecule of calcite j. During four weeks the mixture, in a roomy 
flask, was occasionally shaken, the stopper at the same time being removed for a 
moment to allow free access of air. At the end of that time all but 1 5 mg of the 
iron had been precipitated, while the manganese was in solution in practically the 
same quantity as originally Calcite, however, when in contact with manganous 
salts alone, in the presence of air, will precipitate the manganese as a higher oxide 
or hydroxide, especially at elevated temperature. 

It thus appears that some manganese is probably contributed 
to the ore-deposits from the country-rock. I believe, however, 
that such additions are small, except where space-relations of 
ore and country-rock are peculiarly favorable. In the upper 
parts of a vein the circulation is in general downward, and is 
controlled very closely by fractures, which are more abundant 
in the upper zone, where the rocks are in general more exten- 
sively shattered. Gouge-seams on the walls would also limit 
the circulation, and tend to keep the vein free from waters of 
the country-rock. Where calcite or other carbonates are present 
to precipitate the small amount of manganese in the solutions, 
one would suppose that the opportunities for slight additions 
would be increased. Manganese carbonate is less soluble than 
calcite and the latter could, under favorable conditions, be re- 
placed by manganese compounds. One part of calcium carbo- 
nate is soluble in 1,428 parts of water saturated with carbon 
dioxide, while one part of manganese carbonate is soluble in 
2,000 parts of water so saturated.^^ 

In my own experience I have found only trivial stains of 
manganese in those lodes where it was not present in the 
gangue of the primary ore ; and, in view of its wide distribu- 
tion in igneous rocks, I believe that the lateral migration of 
manganese into the ore under the conditions which generally 
prevail is very subordinate. Though the amount so contrib- 
uted may facilitate the solution of gold, it is probably inade- 
quate to form sufficient higher manganates or similar salts to 
suppress effectively the action of ferrous sulphate. Under 
such conditions the gold could not travel to the reducing-zone 
below the water-level, but would be precipitated practically at 
the place where it had been dissolved. 


Lassaigne, in Comey^ s Dictionary of Solubilities (1896). 
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7. Concentration in the Oxidized Zone. 

The concentration of gold in the oxidized zone near the 
surface, where the waters remove the valueless elements more 
rapidly than gold, is fully treated by T. A. Eickard in his 
paper on the Bonanzas in Grold-Yeins.^® Undoubtedly this is 
an important process in lodes which do not contain manganese, 
or in manganiferous lodes in areas where the waters do not 
contain appreciable chlorine. In the oxidized zone it is some- 
times difficult to distinguish the ore which has been enriched 
by this process from ore which has been enriched lower down 
by the solution and precipitation of gold, and which, as a result 
of erosion, is now nearer the surface. It cannot be denied 
that fine gold migrates downward in suspension; but in all 
probability this process does not operate to an important ex- 
tent in the deeper part of the oxidized zone. If the enrich- 
ment in gold is due simply to the removal of other constituents, 
it is important to consider the volume- and mass-relations be- 
fore and after enrichment, and to compare them with the 
present values. In some cases, it can be shown that the 
enriched ore occupies in the lode about the same space as was 
occupied before oxidation. Let it be supposed that a pyritic 
gold-ore has been altered to a limonite gold-ore, and that gold 
has neither been removed nor added. Limonite (sp. gr. from 
3.6 to 4), if it is pseudomorphic after pyrite (sp. gr. from 4.95 
to 5.10) and if not more cellular, weighs about 75 per cent, as 
much as the pyrite. In those specimens which I have broken, 
cellular spaces occupy in general about 10 per cent, of the 
volume of the pseudomorph. With no gold added, the ore 
should not be more than twice as rich as the primary ore, even 
if a large factor is introduced to allow for Si 02 removed and 
for such cellular spaces. 

Eich bunches of ore are much more common in the oxidized 
zone than in the primary sulphides of such lodes. They are 
present in some lodes which carry little or no manganese in the 
gangue, and which below the water-level show no deposition 
of gold by descending solutions. Some of them are doubtless 
residual pockets of rich ore which were richer than the main 
ore-body when deposited as sulphides, but others are very 


^ Tram., xxxi , 198 to 220 (1901). 
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probably ores to which gold has been added in the process of 
oxidation near the water-table by the solution and precipitation 
of gold in the presence of the small amount of manganese con- 
tributed by the country-rock. In view of the relations shown 
by the chemical experiments it is probable that very little 
manganese will accomplish the solution of gold, but, as already 
stated, it requires considerably more manganese to form ap- 
preciable amounts of the higher manganese-compounds which 
delay the deposition of gold, suppressing its precipitation by 
ferrous sulphate. In the absence of larger amounts of the 
higher manganese-compounds, the gold would probably be 
precipitated almost as soon as the solutions encountered the 
zone where any considerable amount of pyrite was exposed in 
the partly-oxidized ore; for Buehler and Gottschalk have lately 
shown that oxygenated solutions attack pyrite and dissolve it 
in a comparatively short time, and McCaughey has shown that 
even traces of the ferrous sulphate thus formed precipitate gold 
almost immediately. From this it follows that deposits show- 
ing only traces of manganese, presumably supplied from the 
country-rock, are not enriched far below the zone of oxidation. 

8. Vertical Relation of Deep-Seated Enrichment of Gold to 
Chalcocitizafion . 

In several of the great copper-districts of the West (see 
group 3, p. 50) gold is a by-product of considerable value. In 
another group of deposits, mainly of Tertiary age (see group 4, 
p. 51), and younger than the copper-deposits, silver and gold 
are the principal metals, and copper, when present, is only 
a by-product. But in some of these precious-metal ores chal- 
cocite is, nevertheless, the most abundant metallic mineral, 
often constituting 2 or 3 per cent, of the vein-matter. Fre- 
quently it forms a coating over pyrite or other minerals. 
Some of this ore, appearing in general not far below the water- 
table, is fractured, spongy quartz, coated with pulverulent chal- 
cocite. It frequently contains good values in silver, and more 
gold than the oxidized ore or the deeper-seated sulphide ore. 
Clearly, the conditions which favor chalcocitization are favor- 
able also to the precipitation of silver and gold. 

The exact chemical reaction which yields chalcocite is not 
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known. At 100° C., according to Dr. H. N". Stokes/® the re- 
action with pyrite is probably about as follows : 

5 FeS, + 14 CuSO, + 12 H,0 = 7 Cu^S + 5 FeSO, + 12 H,SO,. 

In the cold, the reaction may differ in details, but without 
doubt much ferrous and acid sulphate is set free. Attendant re- 
actions confirm this statement ; for, if calcite is present, gypsum 
is formed by the reaction of HgSO^ on lime carbonate ; and, 
if the wall-rocks are sericitic, kaolin is formed by the acid re- 
acting upon potassium-aluminum silicate, the potash going 
into solution as sulphate. The abundant ferrous sulphate must 
quickly drive the gold from solution, and it apparently follows 
that there may be no appreciable enrichment of gold below the 
zone where chalcocitization is the prevailing process. In de- 
posits such as those of disseminated chalcocite in porphyry, 
where the chalcocite occurs in flat-lying zones related to the 
present surface, and where the ore from which chalcocite 
was derived carried gold, and suitable solvents were pro- 
vided, there should be a comparatively even distribution of 
gold, which should increase and decrease with the chalcocite 
of the secondary ore. A different ratio of values should be 
found in the oxidized low-grade capping above the chalco- 
cite, for the solution of gold, even under the most favorable 
conditions, appears to lag behind the solution of copper, and 
this should be more marked in these deposits, since in all avail- 
able analyses the porphyries are low in manganese, and rhodo- 
chrosite is not noted in the primary ore. I am informed that 
a fairly-constant ratio between copper and gold is very noticea- 
ble in the disseminated deposits at Ely and at Bingham. That 
whatever gold is present in the rock below chalcocitized pyrite 
is not a result of deposition from cold solution, is reasonably 
certain under the conditions named. 

9. Yertical Relations of Silver- Gold and GoldrSilver Ore in Deposits 
Carrying Both Metals. 

This paper will not discuss in detail the processes of second- 
ary enrichment of silver-deposits — a subject already treated in 


Unpublished MSS. quoted by Lindgreu in ProfesmTml Paper No. 43, 17. S. 
Geological Survey^ p. 183 (1905), and in Weed^s translation of Beck’s text-book. 
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our Transactions by S. F. Emmons, W. H. Weed, and 0. E. 
Van Hise. There are, however, certain deposits mainly asso- 
ciated with Tertiary rocks, in which both silver- and gold-values 
are important Examples are the Comstock lode, Tonopah, Tus- 
carora, etc. Where physical conditions are favorable, deposits of 
this type should show in general a concentration of gold at cer- 
tain horizons, and of silver at other horizons, depending upon 
the composition of the mine-waters and other factors. The de- 
termination, in such mines, of the principles controlling the 
mutual relations, especially in the deeper zones of the gold- 
silver and the silver-gold ore-bodies, would have great prac- 
tical value. So far as I know, no record of experiments with 
solutions containing both sulphates and chlorides and a mix- 
ture of gold and silver is available. The solubilities of silver- 
salts lately determined by Kohlrausch (quoted by Alexander 
Smith) are suggestive. He found that at 18° 0. a saturated 
aqueous solution of AgSO* contains 5.5 g. per liter; but at 
this temperature water holds in solution only 0.0016 g. of sil- 
ver chloride per liter. That silver is held in solution by mine- 
waters carrying sulphates and chlorides was shown by J. A. 
Eeid.^° Such waters in a Comstock mine carried about 188 
mg. of silver and 4.15 mg. of gold in a ton of solution. 

The eftect, on a manganiferous silver-ore, of a solution carry- 
ing chlorides would be to liberate chlorine, which would react 
with silver to form ‘^horn-silver.” This would be fixed in the 
manganiferous ore, and such a silver-ore would be compara- 
tively stable. The oxidized manganiferous silver-ore at Lead- 
ville, Colo.,®^ and at Heihart, Mont., in which silver is generally 
supposed to be carried largely as chloride, may have originated 
in this manner. On the other hand, rich ores could hardly be 
formed where the solutions carried abundant sulphuric acid 
and little or no chlorine, for the soluble silver sulphate would 
be formed, and the manganiferous ore leached. To determine 
the genesis of such manganiferous ore, it is desirable to know 
the silver-content of the primary rhodochrosite, for, as indi- 
cated above, two interpretations of the phenomenon are other- 
wise possible. 

JBuUetin of the Department of Geology ^ University of California, vol. iv., No. 10, 
p. 193 (1904-06). 

S. F. Emmons, Monograph No. XIL, 27. S. Geological Survey, p. 562 (1886). 
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As pointed out by Penrose,®^ silver chlorides are formed 
extensively in arid countries, at or very near the surface. Fre- 
quently the workable ore gives out a few feet down. At many 
places in Nevada, the so-called chloriders stripped the sur- 
face over considerable areas; but where the unoxidized ore 
was encountered the mines were abandoned. At some of these 
places the chloride ore carried little, if any, more gold than the 
unoxidized, unprofitable silver-gold ore below. The primary 
ore of many of these deposits carries relatively little pyrite; 
and the inspection of a number of them gives the impression 
that the siliceous ores are more favorable than the more highly 
pyritic ores to the formation of a surface chloride zone. 
Manganese oxides are not necessary for the formation of the 
chloride zone. In many of them manganese is absent. If it 
is present in appreciable amount, if the physical conditions for 
a downward circulation in the lode are favorable, and if the 
primary ore carries gold, it would be reasonable to expect an 
enrichment of gold below the zone of the chloride-enrichment 
of silver. In the presence of strong acid sulphate waters, 
silver, like gold, is dissolved from the outcrop ; and in some 
mines, where both metals are present in important quantities, 
the outcrop and the oxidized zone for a short distance below 
are leached of both silver and gold. 

The migration of both metals with selective solution and pre- 
cipitation is suggested by the relation of silver-gold and gold- 
silver ore-bodies on the Comstock lode. The Comstock lode, 
which has produced more than $200,000,000 silver and $150,- 
000,000 gold, is a broad fault-zone in late Tertiary rocks. The 
ore-shoots occur here and there in this zone, which is developed 
more than 4,000 ft. below the surface.®® Since the deposits 
were formed there has been extensive fracturing. In the lode 
there are great bodies of sugar ” quartz which are due, ac- 
cording to Becker,®* to this movement. Over considerable spaces 
one cannot obtain fragments of rock as large as one’s fist 


Journal of Geology^ voL ii., No. 3, p. 314 (Apr. -May, 1894). 

Clarence King, Geological JExploration of the 4Qth Paralldj vol. iii., Mining In- 
dustry (1870) ; John A. Church, The Comstock Lode (1879) ; Gr. F. Becker, Mono- 
graph No. IIL, 77. S. Geological Surv&y (1882) ; J. A. Reid, Bulletin of the Depart- 
ment of Geology, Unwersity of California, vol. iv., No. 10, pp. 177 to 199 (1904-06). 

Op. dt., p. 272. ' 
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which do not show fissures. There were clearly two periods of 
movement, one before the deposition of the primary ore and 
one following it. The latter movement, mainly parallel to the 
lode, gave conditions for an active circulation of water after the 
primary deposition. According to Dr. Be^^ker, ‘‘it is possible 
that the seams of rich ore in the great bonanza represent a depo- 
sition posterior to the final cessation of movement,^’ and “ it is 
also by no means impossible that some of the richer ores have 
been redeposited, forming at the expense of surrounding bodies 
of lower grade.” As already remarked, analysis of the vadose 
water of the Comstock shows that it contains both gold and 
silver. It is noteworthy that this water contains much manga- 
nese, presumabl}^ as sulphate. Some associated placers were 
developed, but they are of very subordinate value compared 
with that of the lode. Oxidation extended downward as far 
as 500 ft. According to Clarence King,®® “ a zone of manga- 
nese oxide occupies the entire length of the lode from the out- 
crop 200 ft. down.” The upper part of this manganiferous 
zone was probably not of high grade in general, especially in 
the uppermost portions. I infer that the outcrop and the ore 
immediately below were in general not so rich as the ore lower 
down. The longitudinal projections^’ show that many of the 
stopes carried from below stop some distance below the surface. 

Von Richthofen (quoted by Becker) says that “ the propor- 
tion of gold to silver decreased during the early period of 
working the lode, but is now (1866) on the increase again.” 
Presumably, silver at the very surface was leached more 
rapidly than gold. The vadose waters, as shown by Reid,®® 
are rich in ferric sulphate ; and his analyses, as well as others, 
show the presence of chlorides in appreciable amounts. The 
conditions appear to have been favorable for the solution 
of both silver and gold in the upper levels, even in the 
comparatively short geological period which has elapsed since 
the primary ores were deposited. The bonanza ore below 
consisted largely of stephanite, polybasite, argentite, and other 


®® Monograph No. IIL^ U. S. Geological Survey^ p. 273 (1882). 

Geological Exploration of the AQth ParaJHel, vol. iii., Mining Industry, p. 76 (1870). 
Becker, op. cit. 

Bulletin of the Department of Geology, University of California, vol. iv., No. 10,. 
pp. 177 to 199 (1904-06. 
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dark, rich silver-minerals, and in places, according to Dr. 
Becker, appeared to fill fractures which involved the primary 
ore. It is well known that this rich ore was more abundant in 
the upper than in the lower levels. When I visited the district 
in 1907 I was informed by the foreman at the Consolidated 
Virginia that large bodies of the hydrothermally-altered por- 
phyry on the Sutro level and below, which contained considera- 
ble pyrite, etc., carried also considerable gold and silver, although 
below the limit of profitable mining. Very few of tlie ore-bodies 
which had been worked at those levels were then accessible. 
The deposits in the upper levels yielded, according to Rich- 
thofen, from |70 to fl07 a ton, whereas in later years the 
average value of the ore was not more than $87. 

It thus appears that the evidence of the Comstock lode, from 
the surface down, is favorable to the hypothesis that extensive 
solution and deposition of gold and silver has taken place, 
while it is insufficient to show to what extent the great bonan- 
zas owed their values to such processes. In ores formed so 
near the surface, there is always the possibility that ascending 
hot waters deposited the maximum portion of their gold and 
silver at the horizon where they encountered cold oxygenated 
solutions. Sulphate may form, in such mixtures, and ferrous 
sulphate tends to drive both gold and silver out of solution. 
The proportion of gold to silver was presumably higher in the 
upper part and in the lower part of the lode than in the middle 
portion. When Richthofen made his report, he estimated that 
the lode had produced, to the dose of 1865, $15,250,000 of 
gold and $32,750,000 of silver (gold equals 47 per cent, of the 
silver) ; whereas Becker reports the amount recovered from 1865 
to 1881 as $87,121,988 of gold and $105,548,157 of silver (gold 
equals 83 per cent, of the silver). If much of ‘the change is 
due to reworking by descending waters, the greater gold-values 
in the upper portions of the bonanzas indicate that gold was 
dissolved less readily than silver, and silver precipitated less 
readily than gold, in the sulphate-rich water of this mine. 

The relation of “ horn-silver ” to the surface is different from 
that shown in the “ chloride mines ” mentioned above. Ac- 
cording to Clarence King,®* silver chloride is accidental, although 


Op dtj p. 82 . 
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rare small crystals were found at the outcrop in the Gold Hill 
group. It occurred, however, at the 900-ft. level of the Yellow 
Jacket, where, judging from the descriptions, it was present in 
considerable amount 

Ferrous sulphate precipitates both silver and gold in acid 
solutions. The precipitation of gold is, however, many times 
more rapid and more effective than that of silver. YThere sil- 
ver chloride is not precipitated, one would suppose that cold 
solutions would transfer the silver to greater depths than gold. 
Since silver chlorides are not abundant (Hing), this, if no other, 
is an argument for the hypothesis that the lower-grade gold- 
silver ores ($37 a ton or less, Becker which were worked in 
the levels below the great silver-gold bonanzas, were in the 
main primary. These ore-bodies were not accessible to me 
when I visited the Comstock mines, and the speculation is not 
based on paragenetic evidence. 

The relations of silver-gold to gold-silver ores in the Exposed 
Treasure mine, neaj Mojave, differ from those at the Com- 
stock. In the surface-zone, horn-silver has been formed in 
considerable amount. The proportion of gold to silver in this 
zone is 1 : 72 (weight). In the lower friable siliceous ores, the 
proportion of gold to silver is 1 : 12 ; and in the sulphide ores 
below the water-table, where the gold-content had increased 
150 per cent, above the average in the friable siliceous ores, 
the proportion of gold to silver was as 1 to 2.®^ The Exposed 
Treasure ores are, like those of the Comstock, manganiferous. 

It thus appears that there are two types of enrichment in de- 
posits of manganiferous gold- and silver-ores. In one of them 
silver chloride is concentrated in the manganiferous oxidized 
ores of the upper levels, and gold is concentrated below. In 
the other, silver chloride is subordinate, while both gold and 
silver are concentrated below the oxidized zone. Possibly the 
difference could be explained if the amount of chlorine were 
determined in the waters of deposits of both types. Silver 
chloride is soluble in an excess of alkaline chlorides. Those 
deposits in which horn-silver is not present may have been 
leached by waters nnusually rich in chlorides. 


Momgrojph No, IILy U. S. Geological Survey, p. 18 et seq, (1882). 
Courtenay DeKalb, Tmm,, xxxviii., 319 (1908). 
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VI. Review oe Mining-Districts. 

The purpose of this inquiry is to ascertain whether the ore- 
deposits of the United States give evidence that gold is more 
readily transferred in manganiferous deposits than in deposits 
which do not contain manganese, a hypothesis suggested by 
the chemistry of the processes of solution and precipitation. 

1. If gold is more readily dissolved in manganiferous de- 
posits, it would be supposed that placers form less readily from 
pyritic manganiferous lodes than from lodes containing no 
manganese. If, in areas where the waters carry appreciable 
chlorine, placers have formed as extensively from such lodes 
as from lodes free from manganese, then the hypothesis 
fails. 

2. The manganiferous lodes, in areas of chloride waters, as 
in the undrained areas of the Great Basin, should in general 
sliow less gold at the outcrop and in the ujiper portion of the 
oxidized zone than below'. In silver-gold deposits, how'ever, 
silver, on account of the insolubility of the chloride, may re- 
main, or be concentrated, in the oxidized manganiferous zone. 
Bunches of rich gold-ore carrying oxidized manganese in the 
oxidized zone are not necessarily fatal to the theory ; for, as 
already stated, these are probably residual from the zone of 
secondary enrichment. An extensive enrichment in gold of 
the oxidized manganiferous ores at the surface, which are 
shown not to be residual from the zone of secondary ores, 
would indicate that the selective processes lack quantitative 
value, if the waters carry chlorine, and if the primary ores, 
from which the manganiferous oxidized ores are derived, carry 
appreciable pyrite to supply sulphate. 

3. If in certain lodes gold migrates below the water-table, it 
should be precipitated quickly by ferrous sulphate. But MnO, 
converts ferrous sulphate to ferric sulphate, which does not 
precipitate gold. Hence, MnO^ favors the solution of gold, and 
converting the ferrous salt to ferric sulphate removes the pre- 
cipitant. Consequently, if auriferous lodes show enrichment 
in the deeper zone but related to the present surface of the 
country, the manganiferous lodes should, the other favorable 
conditions provided, show greater differences in values with 
respect to gold than lodes free from manganese. 


voii. xnii . — i 



50 


MANGANESE AND GOLD-ENRICHMENT. 


GohUProcinces of the United States. 

As Lindgren pointed out in 1902, the principal gold-de- 
posits of the United States may be divided into four groups. 
The deposits of each group belong mainly to one metallogeiietic 
epoch, and eertaiii relationships are clearly shown. This classi- 
fication, which has thrown much light on the genesis of the 
deposits, is useful as an instrument for study and for com- 
parison of the deposits with respect to the problem of the 
migration of gold in them. 

1. The Appalachian gold-deposits, and those of the Home- 
stake type in South Dakota, are the most important representa- 
tives of the oldest group. These deposits generally yield 
]>lacers, are usually low grade below the water-level and are 
singularly free from bonanzas. They are, in general, not 
greatly leached near the surface, and may have been enriched 
by the removal of other material more rapidly than gold. At 
only one of them, the Haile mine, in South Carolina, it is 
thought probable that gold has been carried below the water- 
level. The Homestake mines show little evidence of secondary 
enrichment by transfer of gold, as will appear in the review that 
follows. Judging from descriptions, practically all of these de- 
posits are free from manganese. 

2. The California gold-veins and related deposits in Hevada 
(Silver Peak) and in Alaska (Treadwell, etc.) are younger 
than the Appalachian deposits, and were probably formed in the 
main in early Cretaceous times. These deposits, where physio- 
graphic conditions are favorable, have generally yielded rich 
placers. At many places, moreover, the ore is worked at the 
very surface, and, as will appear in the subsequent review, 
there is very little evidence of the migration of gold to the 
deeper zones. In the places where detailed work has been done, 
rhodochrosite is never a gangue-mineral, although manganese 
oxide does occur in traces in the country-rock, and rhodochro- 
site is found in a few places in veinlets in the mining-districts 
but not associated with the gold-veins. 

3. The deposits of the third group are later than the early 
Cretaceous, and some of them are probably early Tertiary. 

The Gold Production of North America, Tram.^ xxxiii., 790 to 845 (1903) ; 
Metallogenetic Epochs, Economic Geology, vol. iv., No. 5, pp. 409 to 420 (Aug., 
1909). 
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They are extensively developed in Montana, Nevada, Utah, and 
Colorado. Mr. Lindgren calls this group the Central Belt. 
Many of its deposits have yielded considerable gold, and in 
certain other districts very closely related genetically (Butte, 
Georgetown silver-gold lodes, Cortez Nevada, Tintic, etc.) 
much gold has been obtained as a by-product to copper- or 
silver-mining. Some of these deposits have yielded placers 
and some have not. At Philipsburg and Neihart, Mont, 
Georgetown, Colo., and elsewhere, the deposits show a second- 
ary enrichment of silver below the water-table. At Philips- 
burg, and probably at some other places, an enrichment in 
gold accompanies this concentration of silver. Some of the 
lodes of group 3 carry much manganese, and some carry none. 
Present data are meager for most of these districts. The deter- 
mination of gold from the surface down in a large number of 
deposits would serve as a useful check to the conclusions based 
upon the chemistry of the processes involved in its solution 
and precipitation, 

4. Group 4 includes the most recent ore-deposits in the 
United States. All of them are Tertiary, and most of them are 
Miocene or Pliocene. In general, they were formed relatively 
near the surface, and in some places it is highly probable that 
not more than a thousand feet of vein-material has been re- 
moved by erosion since the ores were deposited. The majority 
of these deposits carry silver, and in many of them its value is 
greater than that of the gold ; but they have supplied, notwith- 
standing, about 25 per cent, of the gold-production of North 
America. They are typically developed in Nevada (Com- 
stock, Tonopah, Goldfield, Tuscarora, Gold Circle) ; Califor- 
nia (Bodie); Idaho (De Lamar); South Dakota (later than 
Homestake type); Colorado (Cripple Creek, Idaho Springs, 
Rosita Hills, San Juan, etc.); Montana (Little Rockies, Ken- 
dall, etc.). Many occurrences in Mexico should probably be 
placed here, and likewise those of the Aleutian Islands, de- 
scribed by Becker. The deposits of this group have not sup- 
plied much placer-gold. They have not been exposed to erosion 
so long as the older deposits. In general, the gold is finely 
divided. It may have been scattered or it may have been re- 
dissolved and deposited lower down, Many of these deposits 
are in arid countries, where conditions for working placers are 
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not favorable ; but, even those in well-watered districts supply 
relatively little placer-gold. Manganese is abundant in some 
of these deposits (Comstock, Exposed Treasure, Tonopab); it 
is very sparingly present in others (Little Rockies); in still 
others (Goldfield) it is almost entirely absent. 

A few small placers are associated with the manganiferous 
lodes, although at some places, as at Tuscarora, Rev., they 
seem to have been derived from veins near-by which are not 
manganiferous, as is probably the case with some deposits of 
group 3 (Butte, Philipsburg). Many of the California veins 
(group 2) eari’v rieli ore at the very surface, but the Tertiary 
gold-veins are generally richer in gold a few feet below the 
surface than at the outcrop. Doubtless, many of them would 
have been overlooked if it had not been for the concentration 
of horn-silver and argentiferous pyromorpbite at the surface. 
At many of these deposits, however, good gold-ore is found only 
a few foot below the surface. 

It thus appears that practically all of the manganiferous gold- 
deposits of the United States, so far as they have been deseribed, 
may be included in groups 3 and 4 ; that nearly all described 
deposits where relations indicate a migration of gold belong to 
the same groups ; that placers are much less abundantly devel- 
oped than in groups 1 and 2 ; and that outcrops less frequently 
supply gold ; that secondary enrichment below the water-table, 
if carried on at all, proceeds with extreme slowness in groups 
1 and 2, but may be more pronounced in deposits of groups 3 
and 4. Rot all of these deposits carry manganese, however, 
and those which do not carry it should be expected to show 
relationships more nearly approximating those of groups 1 
and 2. 

5. Some deposits formed at hot springs carry gold. As a 
rule, traces only are found in the sinters, and at many places 
even traces are not detected. This is readily explained when 
it is noted that these springs frequently carry both sulphates 
and iron. If the sulphates are due to contamination with oxy- 
genated surface-waters, then such waters, before complete 
oxidation, would precipitate gold. Since only a little ferrous 
sulphate precipitates practically all of the gold in a solution, 
it would be supposed that the major deposition would be some 
distance below the surface, where oxygen-bearing waters first 
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contarainated the hot solutions, and not at the surface. The 
same argument should apply to silver also, although the action 
of the ferrous salt on solutions carrying silver is not nearly 
so rapid as on solutions carrying gold. In the hot solutions, 
manganese, even if it were present, would probably not hold 
the gold or silver in solution by oxidizing ferrous salts, for 
ascending hot waters deposit manganous rather than man- 
ganitic compounds. 

1. Southern Appalachian Districts , — The gold-deposits of the 
southern Appalachians are among the oldest gold-deposits of 
the United States, and were probably formed in the main, 3 
or 4 miles below the surface at the time of deposition. Many 
of them are in mica-schist and other crystalline rocks, and 
some are closely associated with granitic intrusions. Some are 
cut by diabasic intrusives, presumably later than the ore. The 
deposits have yielded considerable placer- and lode-gold. The 
minerals, according to Graton,®* include quartz, sericite, biotite, 
fluorite, gold, pyrite, galena, blende, pyrrhotite, chalcopyrite, 
magnetite, etc. Manganese-minerals are not mentioned. In 
Becker^s tabulation of the minerals of the gold-mines of the 
southern Appalachians, compiled from all previous descriptions 
and including mines not described by Graton, pyrolusite is 
mentioned in only three mines and rhodochrosite in one.®^ 

Pew of these deposits have been extensively explored in 
depth, and consequently data respecting the vertical distribu- 
tion of the gold-values are meager. Many of them are profit- 
able near the surface, partly by reason of the rotten condition 
of the rock, which renders it more easily worked, and partly be- 
cause gold is accumulated or enriched by the removal of value- 
less material. In general there is, according to Graton, very 
little evidence for or against the theory of the migration of 
gold ; but such migration, if it has taken place, has been ex- 
tremely slow, for areas which have probably been exposed 
since Tertiary time show a marked concentration at and near 
the surface. Possibly some gold has been transferred to lower 


Lindgren, Bulletin No, 293, Ul S, Geological Survey^ p. 124 (1906). 
idem, p. 62. 

Sixteenth Annual Report, U, S. Geological Survey, Part III., Mineral Resources 
of the U, S, p. 277 (1894-95). 
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levels at the Haile mine, South Carolina, where the limit of 
profitable mining is in general less than 200 ft. below the limit 
of complete oxidation. In this zone scales of pjrite and free 
gold are found in joint-cracks, indicating a comparatively re- 
cent ago. The deposits are cut by basic dikes. Prior to 
Graton’s work, many thought that the primary deposition of 
gold was genetically related to the dikes,®^ since the workable 
ore appears to be limited to the area cut by them. If the 
basic dikes (like most basic rocks) carry manganese,^ then our 
hypothesis supports, and is supported by, Graton’s opinion that 
secondary enrichment has probably taken place, and the con- 
flicting views of Graton and Maclaren respecting the genesis 
of the ores are thus reconciled. 

Certain ore-deposits of Alabama recently described by H. P. 
McCaskey®® comprise fissure-veins in granite and lenticular 
bodies in schists. The principal minerals are quartz, pyrite, 
and gold. Some garnet is found in the vein-quartz at Pine- 
tuckey. Weathering extends to water-level (from 40 to 80 ft. 
below the surface). The ores are oxidized above this level 
and are generally free-milling, but below this level the ore is 
not profitably amalgamated so far as explored in depth. The 
ores are fairly regular in width and values, and no evidences of 
enrichment below the water-level are recorded. 

2. Black Hills, S. P.— The principal gold-deposits of the 
Black Hills® are in pre-Cambrian schists which, like the 
ore-bodies, are cut by Tertiary intrusives. Since the Cambrian 
conglomerates contain placer-gold,™ some of the ores must 
have been deposited in pre-Cambrian times. The most impor- 
tant deposits are comprised in the Homestake belt, about 3 
miles long and 2,000 ft. wide. The principal minerals are 
quartz, dolomite, calcite, pyrite, arsenopyrite, and gold, ■with 
which are associated the minerals of the schist : quartz, ortho- 
elase, hornblende, biotite, garnet, tremolite, ^ctinolite, titanite, 
and graphite.” The ores, though uniformly of low grade, are 

Graton, Bulletin No, 293, U, S- Geological Survey^ p. 67. 

Maclaren, Gold, pp. 57, 592 (1908). 

Bulletin No, 340, U. B. Geologiccd Survey, p. 36 (1908). 

Irving, Emmons, andJaggar, Professional Paper No, 26, U, S. Geological Survey 
(1904). 

’0 W. B. Devereux, Titans,, x., 469 (1881-82). 

J. D. Irving, loc. ciU, p. 90. 
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very profitable. Some of the ores at the surface were below 
the average tenor, while other surface-ores were two or three 
times as rich as the average. The values extend downward as 
far as exploration has gone, and are fairly uniform to 1,000 ft. 
or more below the surface. In general, according to S. F. 
Emmons, secondary enrichment by surface-leaching has had 
relatively small importance.'^® 

3. Treadwell Mines, Alaska . — At the Treadwell mines, Doug- 
las Island, Alaska, large dikes of albite-diorite intrude green- 
stones and schist, and the shattered diorite has been extensively 
replaced by mineralizing solutions, and cemented by low-grade 
gold-ore. The minerals include quartz, albite, rutile, chlorite, 
epidote, calcite, siderite, pyrite, pyrrhotite, magnetite, chal- 
copyrite, and molybdenite. Manganese-minerals are not re- 
ported. 

The mines have been developed 2,000 ft. down the dip. 
According to A. C. Spencer,'® the ore shows no progressive 
change in appearance or values with increasing depth. In the 
lowest level it is quite as rich as in the upper workings ; and 
it is evident that changes on the dip are no greater than along 
the strike. Hothing in the character of the ore indicates any 
important concentration of values by oxidizing waters. The 
fact that extensive placers were not formed is not opposed to the 
view expressed by Spencer that the gold has not been trans- 
ferred ; the country has been recently glaciated, and surface- 
accumulations have been scattered. The gold accumulated at 
the apex since glacial time was, indeed, recovered by sluicing. 

4. Berner’s Bay, Alaska . — According to Adolph Einopf, the 
lodes of the Berner’s Bay district are fissure-veins in diorite. 
There is no evidence of secondary enrichment of gold or of 
leaching near the surface. The deposits contain no manganese. 

5. The Mother Lode District, Cal . — The Mother Lode dis- 
trict, as described by F. L. Ransome,''* is an area of crystalline 
schists and altered igneous rocks with intruded granodiorite 
and related rocks. The deposits are fissure-veins, which gen- 
erally trend northwestward, and, at many places, parallel the 
sehistosity of the country-rock. The ore does not contain 

Prafes>Umal JPa/per No. 26, U. S. Oeological Sumey, p. 79 (1904). 

BuUetiin No. 287, U. 8. Qeohgieal Swrwy, pp. 32 and 115 (1906). 

Mother Lode District, Folio No. 63, U. 8. Oeologieai 8urvey, p. 3. 
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Hianganesc-niinerals. Placers are abundantly developed, and at 
many places rich ore is found at the very surface. According 
to Ransome, there is no evidence that the mines grow suddenly 
richer at any arbitrary depth, nor is there any recognizable 
regular change in the value of pay-shoots with depth, below 
the zone of superficial weathering. Some of these deposits are 
very regular and uniform in values, and have been developed 
to very great depth. 

6. Nevada City and Grass Valley^ CaL — The area of R'e- 
vada City and Grass Valley includes metamorphosed Carbon- 
iferous sedimentary rocks, compressed into isoclines, and as- 
sociated igneous rocks less intensely metamorphosed. Above 
these are slates with associated diabase and serpentine. These 
rocks are folded and metamorphosed, but are not so intensely 
compressed as the Carboniferous. Intruded into these rocks 
are great bodies of granodiorite, probably of early Cretaceous 
age. The ore-deposits are strong fissure-veins, formed after 
the granodiorite intrusions. The minerals are quartz, chalce- 
dony, magnetite, sericite, raariposite, pyrite, pyrrhotite, chalco- 
pyrite, galena, blende, scheelite, arsenopyrite, tetrahedrite, ste- 
phanite, and cinnabar. Some earthy manganese-ore occurs in 
small fissures in the granodiorite, but not in connection -with 
the quartz veins. 

Kear the surface the upper part of a vein is generally 
decomposed, forming a mass of limonite and quartz. The de- 
composition seldom extends more than 200 ft. on the incline 
of a vein dipping 46°, or more than 150 ft. below the surface. 
Fresh ore is sometimes found almost at the surface. The sur- 
face-ore is generallj" richer than the fresh ore below, owing to 
the liberation of gold from the sulphides and the removal of 
substances other than gold. In this process, silver is also 
partly removed. In some of -the mines, the lodes have been 
followed down the dip for 2,000 or even 3,000 ft. The un- 
oxidized ore shows no gradual diminution of tenor in the pay- 
shoots below the zone of surface-decomposition. “ Within the 
same shoot there may be many and great variations of the 
tenor, but there is certainly no gradual decrease of it from the 

Woldem^LT Lindgren, Seventeenth Annual Bepo7% U, S. Geological' Survey^ Part 
II. (1895-96). 

Log. clt, p. 128. 
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surface down.’^^^ Important placer-deposits were formed from 
these veins. 

7. The Ophir District^ Cal — The rocks of the Ophir dis- 
trict comprise amphibolite-schists and massive amphibolites, 
with intrusions of granodiorite. These rocks are cut by quartz 
veins which fill co-ordinate fissures. The minerals are gold, 
electrum, some iron, copper and arsenical pyrites, with galena, 
blende, tetrahedrite, and molybdenite. The gangue is mainly 
quartz with a little calcite. The proportion of gold to silver 
varies by weight from 1 : 1 to 1:10, the values of gold pre- 
dominating. Certain small ore-shoots, in veins in the amphibo- 
lite, carry more than the usual tenor of gold ; and the richest 
shoots are usually found where veins cross the belts rich in iron. 
According to Lindgren, such ore-bodies may have been en- 
riched by leaching. The common statement, that the gold- 
vein becomes barren as the depth from the surface increases, 
is not justified, in his opinion/® by the evidence afforded in the 
mines. The extensive development of placers, the value of the 
ore near the surface, and the occurrence of valuable ore-shoots 
just below the surface, are opposed to the notion of extensive 
migration of gold in these deposits. 

8. Silver Peak^ Nev . — According to J. E. Spurr,®® the de- 
posits of Silver Peak, hTev., are lenticular masses and fissure- 
veins in Palaeozoic sedimentary rocks. Genetically, they are 
related very closely to granitic rocks, which, as shown by Mr. 
Spurr, have alaskitic or pegmatitic phases. They are probably 
post- Jurassic, and should be grouped with the California gold- 
veins, with which geologically they have much in common. 
Of the Drinkwater and Crowning Glory deposits, which are 
the most important examples, Spurr says that no decided en- 
richment of the ores by oxidation can be established. The 
ores in the upper tunnel seem to have been locally richer than 
any found in the lower tunnel; but this difference has no 
evident relation with the surface, and is probably original. 
The values are finely disseminated gold and auriferous sul- 


” Op. tit, p 163. 

Waldemar Lindgren, Fmrtemih Annual Report, TJ. 8. Geological Survey, Part 
IL, p. 252 (1892-93). 
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pliides, scattered through vitreous quartz. The character of 
the ore afiords no ground for supposing any great concentra- 
tion l)y surface-waters, since the minerals are not easily reached 
by percolating waters. 'No ore-shoots correspond to the frac- 
tures which cross the ore — an indication that the waters which 
circulated along such subsequent fractures had little effect in 
the redistribution of values. 

9. Phtlqyshurg^ 3Iont — The Philipsburg quadrangle is an 
area of sedimentary rockSj ranging from pre-Cambrian to late 
Cretaceous, with intrusions of quartz-monzonites and related 
rucks, probably belonging to the same period of intrusion as 
that of the Butte granites and other batholiths in Montana. 
The most important ore-deposits in this quadrangle are those 
of the G-ranite-Bimetallic and the Cable mines. 

The Granite-Bimetallic is a strong fissure-vein in quartz- 
mouzonite, which carries chiefly silver, but also an important 
amount of gold. There is conclusive paragenetic evidence of 
the secondary enrichment of silver below the water-level, and 
the rich silver-ore carries also more gold than the low-grade 
silver-ore in the bottom of the mine. The outcrop of this 
deposit carried some silver, but very little gold; and, after 
the discovery, the location was allowed to lapse, by reason of 
the small assay-returns from the gossan. Bicher ore appeared 
not far below the surface and extended down to the 10th level. 
The shoot of high-grade ore, which extended for about a mile 
along the strike of the deposit, followed, in a broad way, the 
present rugged surface. The gangue is rich in manganese. 
Some migration of gold has undoubtedly taken place. No asso- 
ciated placers have been developed. 

At the Cable mine the deposits are included in a long, thin 
block of limestone, in contact on either side with quartz-mon- 
zonite. The principal minerals are calcite, quartz, pyrrhotite, 
pyrite, magnetite, and chalcopyrite, with chlorite, muscovite, 
and other silicates. At one or two places small traces of man- 
ganese dioxide have been noted in the oxidized ore, but it is 
very much less abundant than in the deposits of the Granite- 
Bimetallic type. This deposit yielded important placers. Good 
ore was found at or very near the surface ; and, according to the 
best obtainable data, the values increased somewhat for a short 
distance below the surface. Some concentration has taken 
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place by the removal of calcite and other valueless material 
more rapidly than gold ; but there is no evidence of secondary 
enrichment in gold below the water-table. The indications are, 
that the gold has not been extensively transported since the 
deposit was formed. 

10. Other Montana Districts . — The secondary enrichment of 
gold- and silver-deposits at hfeihart, at Butte, and in other Mon- 
tana districts, has been described by W. H. Weed in vari- 
ous papers. These deposits generally contain appreciable man- 
ganese. In that respect they differ from the Idaho deposits de- 
scribed by Lindgren, which do not carry rhodochrosite or ap- 
preciable manganese dioxide. With some notable exceptions, 
such as the De Lamar deposits, the Idaho veins are probablj' 
older than those of Montana, and, as Lindgren has pointed out, 
should be grouped with the early Cretaceous California gold- 
veins rather than with the late Cretaceous or early Tertiary 
group, to which most of the Montana deposits belong. The 
Idaho veins which have been closely studied do not give evi- 
dence of the downward migration of gold. 

11. Edgemont^ Nev . — The gold-deposits at Edgemont, Elko 
county, Nev., which should be classed with group 8, are in an 
area of quartzite, with intrusions of granodiorite. The de- 
posits are fissure-veins, and their gold-values are comparatively 
uniform. The ore consists of pyrite, galena, and arsenopyrite 
in a gangue of quartz. Copper carbonates and manganese- 
minerals are rare or absent. The ore is stoped practically to 
the surface. There has probably been a slight amount of en- 
richment by removal of certain substances in the oxidized zone 
more rapidly than gold; there is no evidence that gold has been 
transferred below the water-level by descending surface-waters.®^ 

12. Leadville, Colo . — The deposits of Leadville yield silver, 
lead, and gold. The country is an area of Palaeozoic limestones 
and quartzites, with intrusive sills and dikes of porphyries.®^ 
Some of these deposits carry in the upper horizons a large 
amount of manganese ; and this ore is frequently rich in silver, 
presumably in the form of the native metal or as chloride. 

W. H. Emmons, Bulletin J^o. 408, U. 8. Geological Survey (1910). 

S. F. Emmons, Geology and Mining Industry of Leadville, Colorado, Mono- 
grcuphNo. XII., TJ. 8. Geological Survey (1886) j and S. F, Emmons and J. B. 
Irving, Bulletin No. 320, Z7. 8. Geological Survey (1907). 
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Assays of this ore, showing the amount of gold contained in 
it, are not available to me. According to the requirements of 
the theory under investigation, it would be expected to be low 
in gold in this upper zone, where the waters probably carry 
ferric salts and chloride. Of considerable interest in this con- 
nection are some small fractures in the quartzite at a lower 
horizon, wdiich, as Mr. Emmons informs me, often carry small 
amounts of high-grade maiiganiferous gold-ore. This ore he 
regards as a deposit from descending waters. Possibly it is the 
gold leached out above, where ferric salts predominate, and was 
carried to greater depth by the maiiganiferous solutions which 
delay the action of ferrous sulphate as a precipitant of gold. 

13. Georgetown^ Colo.^ Silver-Lead Deposits , — The silver-lead 
lodes of Georgetown and Silver Plume, Colo., are of early 
Tertiaiw age. The veins cut crystalline schists and Tertiary 
igneous rocks. According to Spurr, Garrey and Ball,®^ several 
thousand feet of overlying rocks have been eroded since the 
ores were deposited, and some of the values in the eroded por- 
tions of the lodes have migrated to the portions still remaining. 
The principal metallic minerals are argentiferous galena and 
blende, with pyrite and chalcopyrite ; the ores usually carry 
about |2 gold per ton. The silver-values are mainly in poly- 
basite, freibergite, argentito, pyrargyrite, and proustite. The 
gangue is quartz, chalcedony, barite, with carbonates of lime, 
iron, manganese, and magnesia. 

The rich silver-minerals were the last to be deposited, and 
form on the walls of the fractures in the older, baser ore, or cut 
the older deposits. The zone of complete oxidation extends 
from 5 to 40 ft. below the surface. The oxidized ore often 
contains several hundred ounces of silver per ton. Below this 
ore are friable black sulphides and secondary galena. This 
secondary ore, according to Spurr and Garrey, is rich in silver 
and lead and carries more gold than occurs at greater depth. 
This ore cuts the primary sulphide ; and the latter, which may 
have contained from 20 to 30 oz. of silver per ton, is enriched 
to more than 200 oz. per ton. 

Quoting from Spurr and Garrey ^ : 


^ Frofessional Paper No 63, U. S. Geological Survey f p. 136 (1908). 

J. E. Spurr and G. H. Garrey, Professional Paper No, 63, U, S, Geological 
Survey^ p. 144 (1908). 
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“Below the zone where soft secondary sulphides occur and irregularly overlap- 
ping the lower portion of this zone the rich ores contain polybasite^ argentiferous 
tetrahedrite, and ruby silver, better crystallized and more massive than the pul- 
verulent sulphides, but also subsecjuent in origin to the massive galena-blende ore. 
These richer ores diminish in quantity as depth increases, though gradually and 
irregularly, so that the lower portion of the veins contains relatively less silver and 
lead. The best ore in most veins has been found in the uppermost 500 feet, 
although good ore extends locally down to 700 or 800 feet, and in the Colorado 
Central, and to a minor extent in other veins, down to a thousand feet or more.” 

14. Auriferous Dqwsits of the Georgetown Quadrangle, Colo- 
rado . — rhe auriferous deposits of the Gieorgetowu quadrangle 
are mainly at Idaho Springs and in the Empire district, 
although some are developed near Q-eorgetown in the area of 
the silver-lead deposits. As shown by Spurr and Oarrey, 
the gold-lodes are probably of later age than the silver- 
lead deposits. They cut the crystalline schists and the Terti- 
ary porphyries, hut are genetically related to alkali-rich 
intrusive rocks of middle or late Tertiary age. They carry 
pyrite, chalcopyrite, chalcocite, quartz, adularia, and gold, with 
minor amounts of barite, fluorite, telluride, etc. Carbonates of 
iron, magnesium, lime, and manganese occur, but are relatively 
rare. In many of the mines the ore averages from 1 to 2 oz. of 
gold and from 20 to 40 oz. of silver per ton. The lodes are usu- 
ally oxidized at the surface and from 15 to 70 ft. downward. 
They have yielded some moderately-productive placers. In 
several mines, the oxidized is much richer than the average 
ore. Below the zone of oxidation, secondary chalcopyrite and 
chalcocite prevail for several hundred feet from the surface, 
but decrease at greater depth. There is an important enrich- 
ment of gold and silver, coincident with the occurrence of the 
copper-minerals. As stated by Spurr and G-arrey : 

“ In the mines mentioned a portion of the copper which has contributed to the 
enrichment of the original sulphides has been derived from, the oxidized zone, but 
it seems unlikely that this has been the case with the gold and silver, which, like 
the enriched superficial portions of the ai^entiferous veins, must have been derived 
from the overlying portions of the lodes which are now eroded 

“On the whole, the strongest evidence of the rewoiking of the ores by surface 
waters is afforded by markedly cupriferous ores . . . Apart from this, how- 
ever, and from the probable partial concentration of galena near the surface in 
some mines, the evidence of rearrangement of the ores by descending waters is in 
general not nearly so great as in the Q-eorgetown district, and such reworking 
has probably taken place to a considerably less extent.^ ' 
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15. Sm Jam), Colo . — The gold-deposits of the San Juan re- 
gion,"® including those near Telluride, Silverton, and Ouraj, 
are, as shoum by Raiisome, of varied character. They are 
mainly Tertiary, and should be classed with group 8 or 4 
above named. The lead-silver deposits and the stocks near 
Ironton are not here considered. 

In this elevated area the ground is frozen much of the year, 
and the rapid erosion is due largely to mechanical disintegra- 
tion. Secular decay or oxidation of the ores, according to 
Ransome, is not as a rule very extensive, and is at some places 
negligible. Puringtoii has pointed out, however, that the out- 
crops of the San Juan lodes are, in general, of lower grade 
than the ore a few feet below the surface, possibly by reason of 
the migration of gold in suspension. Many of the lodes are 
tight, and do not appear to offer favorable conditions for down- 
ward migration of waters. The country is well drained, and 
chlorine is probably not abundant in the mine-waters. The 
conditions for deep-seated enrichment are therefore not par- 
ticularly favorable, although some concentration has taken 
place locally by the leaching and removal of the less-valuable 
materials from the ore. The workable ore appears to be 
mainly of primary origin. 

At some places the gangue includes manganiferous minerals. 
There is some evidence that gold was transported to a limited 
extent. As Ransome points out,®® in the Tomboy and Camp 
Bird mines, black oxide of manganese occurs in the deepest 
workings (in 1901) and usually indicates good ore. These 
little sheets of rich, dark, manganiferous ore, which fill post- 
mineral fractures, Ransome regards as later than the general 
mass of the ore. It is reasonable to suppose that they repre- 
sent the deposition from solutions which dissolved gold in the 
upper portion of the lode, where ferric salts prevail, and which, 
in the presence of manganese, were able to transport their load 
to greater depths, but which, coming into contact with pyrite, 

“ F. L. Ransome, A Report on the Economic Geology of the Silverton Quad- 
rangle, BulUtin No. 182, TJ. S.* Geological Survey j (1901) 5 and 0. W. Purington, 
Preliminary Keport on the Mining Industries of the Telluride Quadrangle, Mgh- 
temth Annual Beporf^ U. S. Geological Survey, Part IIL, p. 745 (1896-97) ; 
Purington, Woods, and Boveton, The Camp Bird Mine, Ouray, Colo., (Drans., 
xxxiii., 499 to 550 (1903). 

Op. cit, p. 101 . 



MANGANESE ANB GOLB-ENRICHMENT. 


63 


were ultimately reduced and forced to give up their gold when, 
through the oxidation of pyrite, ferrous sulphate had been 
formed. 

16. Cripple Creek, Colo . — The gold-deposits of Cripple 
Creek, Colo., have yielded some $200,000,000 gold and less 
than $1,000,000 silver. The lodes are fissure-veins and replace- 
ment-deposits in volcanic breccia, in Tertiary intrusive rocks, 
and in granite. The fissures, according to Lindgren and Ean- 
some,®’’ were formed at about the same time as the intrusion of 
associated basic dikes, and represent a late phase of volcanic 
activity. The deposits are probably of middle or late Tertiazy 
age, and were formed by hot ascending waters, relatively near 
the surface. Calaverite is the chief primary constituent ; native 
gold is rarely present in the unoxidized ores. Pyrite is widely 
distributed; tetrahedrite, stibnite, and molybdenite are spar- 
ingly present. The gangue is quartz, fluorite, adularia, carbo- 
nates (including rhodoehrosite), some sulphates, etc. Some of 
the deposits were workable at the surface, but the placers which 
have formed are relatively unimportant. Although rhodoehro- 
site is subordinate in amount, the highly-fractured country- 
rock contains appreciable manganese (0.20 ± per cent.). Ac- 
cording to Lindgren and Ransome, the processes of oxidation 
were attended by the formation of kaolin, hydrous silica, and 
oxides of iron and manganese. Manganese oxides are often 
present in the oxidized zone, and, according to Penrose, form 
nodules in the Pharmacist and Summit mines. They result 
from the alteration of rhodoehrosite, manganiferous calcite, 
or other minerals, and are generally distributed in the oxidized 
zone as stains filling cracks and fissures.®® During oxidation, 
manganese is greatly concentrated in the seams of the rock. 
In general, the lower part of the zone of oxidation is above 
water-level, and usually less than 200 ft. below the surface. In 
some places silver has been completely leached from the oxi- 
dized ores. Horn-silver is not noted. 

"Whether a slight enrichment of gold has taken place in the 
oxidized zone it is not easy to decide. Lindgten and Ean- 
some are inclined to the belief that the oxidized zone as a whole 


JPrqfessional Pa/per No. 54, U. S. Geological Survey (1906). 
Idem^ p. 123. 
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is Bomewliat richer than, the corresponding telluride zone.®® If 
this is true, no extensive downward migration of gold can have 
taken place. The trivial enrichment in the oxidized zone may 
have resulted from the removal of some constituents of the pri- 
mary ore. 

If gold was dissolved in the Cripple Creek deposits, it 
was precipitated again at practically the same horizonj for, in 
these deposits, the zone in which solution takes place is as rich 
or richer than that in which precipitation usually takes place. 
The ground is open, providing paths for downward-circulating 
waters, but it should be remembered that, while the ore-boar- 
ing complex is very pervious to water, it is surrounded by im- 
pervious rocks. After the volcanic rocks had been drained in 
mining, the flow of water was comparatively small. Lindgren 
and Ransome have compared the volcanic complex to a 
“ sponge in a cup.” As shown by them, the conditions for a 
circulation of atmospheric water were most unfavorable — a fact 
which had an important bearing on their conclusion that the 
ores had been formed by magmatic waters. In the absence of 
a circulation, the gold could not be transported. A check to 
this reasoning with respect to a downward circulation is the 
fact that in the porous, brecciated mass, tilled with stagnant 
water, the oxidation extended downward to a depth gen orally 
less than 200 ft., and even in this zone residual sulphides are 
often present. If the solutions did not carry oxygen down- 
ward, it would be supposed that they could not carry goW ; 
and if the latter had been dissolved at the higher levels, in 
the absence of a circulation it could not descend. There is 
some evidence which may be interpreted as an indication that 
the gold migrated laterally, or possibly that it has been pre- 
cipitated essentially in place from cold solution. Richard 
Pearce has recorded analyses of oxidized and unoxidized ore. 
The material for the analyses was taken from a section drawn 
clear across the two difterent portions of the specimen. The 
analyses show that the oxidized ore carries 14.68 oz. of gold per 
ton, or 2.34 oz. more gold than the unoxidized ore, and that all 
the silver has been leached out. In ore so rich such a con- 

89 Profesmml Paper No* 64, U. 8* Geological Survey, p. 203 (1906). 

^ Further Notes on Cripple Creek District, Proceedings of the Colorado SmrUifie 
Society^ vol. iv., pp. 11 to IG (1894-96). 
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centration may result merely from leaching-out of the sub- 
stances other than gold; but, on the other hand, the analyses 
of the altered rock indicate that little leaching of the silicate 
minerals has taken place, and that the oxidized portion was 
originally richer than the unoxidized, or else that some gold 
had been added. Since 0.27 per cent, of MnOg is present in 
the oxidized ore, while none is reported in the unoxidized ore, 
it appears that MnOa was added in the process of secondary 
alteration, and it is possible that the same solutions added gold 
and iron. 

If the gold was dissolved in the Cripple Creek “ sponge,’’ it 
was precipitated in the stagnant solutions where they were in 
contact with pyrite. In the absence of a downward circulation 
of water, such lateral migration would not be unlikely. 

The results of oxidation processes are described as follows:®^ 

Thorough oxidizing decomposition will destroy the original structure of this 
vein. In sheeted lodes with many small parallel fissures and joints the latter may 
become effaced and the lode appears as a homogeneous brown, soft mass. In other 
cases a central seam may be retained and usually appears as a streak of soft, more or 
less impure kaolin ; in other cases it may be filled by white compact alunite, more 
rarely by jaspeioid or opaline silica. Crusts of comb quartz, if originally present, 
lie included in the clayey seams, but neither the original fluorite nor the carbonates 
are ordinarily preserved. Very rich oxidized ore sometimes fills the central cavi- 
ties of the lode like a thick brown mud of limonite, kaolin, and quartz sand, and 
easily flows out wlien the vein is opened.’* 

It should not be inferred, however, where channels are large 
and open that the rich, gold-bearing brown mud is necessarily 
a deposit from solution. It may have been carried down in 
suspension; for similar rich mud, with 2 oz. of gold per ton, 
was found on the floor of the 12th level of the Gold Coin mine 
after it had been filled with water and allowed to stand. 

It thus appears that the conditions at Cripple Creek, which at 
first appear fatal to the hypothesis, maybe rationally explained, 
when it is recalled that downward migration of gold depends 
not only upon solution and precipitation, but requires a circula- 
tion, and that conditions for a circulation here were peculiarly 
unfavorable. They show also that conditions for a relatively 
rapid circulation are prerequisite, if the dissolved gold is to be 
carried below the zone of mixed oxides and sulphides. 


ProfmioTud Paper A7b. 54, U, S. Geological^ Survey, p. 199 (1906). 
VOL. XLm — 6 
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17. Summit District^ Colo , — This district is located south- 
west of Alamosa near the Rio Grande-Oonejos county-line. 
According to R. C. Hills,®^ the metal-bearing horizon is near 
the middle of the Tertiary eruptive series of south and south- 
west Colorado. The associated rocks. are andesites, trachytes, 
rhyolites, etc, ; but, unlike the eruptives of most Tertiary dis- 
tricts in this province, these rocks appear to have been closely 
compressed, yielding a series which, as shown in Mr. Hills’s 
sketches, are probably isoclinals. Some features of the ore- 
deposits are puzzling; but, whatever their genesis, they illus- 
trate very clearly the theory of secondary enrichment — a fact 
which was fully recognized by Mr. Hills as long ago as 1883. 

The ore-bodies, so far as exposed, are rudely tabular and 
approximately vertical. The ore is chiefly quartz and pyrite, 
but contains some enargite, galena, sphalerite, and other min- 
erals. Placers appear to be of subordinate importance. The 
mineralized matter may be separated into three divisions : (1) 
the impoverished zone near the apex; (2) the Z 9 ne of rich and 
partly-oxidized ore; and (3) the low-grade sulphides. The 
zone of impoverishment, with two exceptions, includes the out- 
crops of all the lodes and extends downward to 50 ft. or more. 
The zone of incompletely-oxidized ore extends to a depth vary- 
ing from a few feet to 300 ft. In this zone the quartz is 
colored dark brown by oxides, and the more-highly auriferous 
material is characterized by an abundance of brown oxide. 
The gold in this ore carries only about 0.025 silver. All the 
bonanzas were, according to Mr. Hills, confined to this zone. 
In some places gold appears in a disseminated form in in- 
numerable small grains, so aggregated as to resemble a con- 
tinuous sheet of metal. Locally, the grains unite and form flat 
nuggets, one or more ounces in weight. The occurrence of 
this richer material is confined, according to Mr. Hills, to the 
immediate vicinity of a central channel which has been filled 
with earthy matter, fragments of rock and iron oxides. Some 
of the rich seams of gold powder have been introduced into 
fractures which cut barite. Below the rich and partly-oxidized 
ore, the primary sulphides appear to have been unworkable 
under conditions then existing. There is, however, in three 
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MANGANESE AND GOLD-ENRICHMENT. 


67 


mines a concentration of silver at greater depth than that of 
the gold-bonanzas. Mr. Hills ascribes the two rich out- 
cropping ore-bodies, which are exceptional in this district, to 
intense kaolinization on either side of the ore-bodies, causing 
the country-rock to be much more readily eroded than the 
extremely hard quartz outcrop. This consequently remained 
considerably above the general surface, forming a precipitous 
ridge, which was, as he explains, protected from solution, 
which went on more vigorously below, in the places where 
snow and water accumulated. 

Although Mr. Hills mentions brown oxides at several places, 
he does not say that they are manganiferous. 

Dr. Raymond says that the oxides include those of pur- 
plish hue. 

18. Bodie, Cat — The deposits of Bodie, OaL, are east of the 
Sierras, near the State-line. They are not of the California 
type, but arc associated with andesite and belong to the late 
Tertiary group so extensively developed in Nevada. R. P. 
McLaughlin has described the most important mines. The 
lodes are fissure-veins in andesite. Nearly all strike north- 
ward and are approximately parallel. The ore carries about 
equal amounts of gold and silver. The deposits are developed 
extensively to a depth of 500 ft below the surface. One 
shaft is 1,000 ft., another 1,200 ft deep. Outcrops of en- 
couraging value are rare. Almost without exception the veins 
have failed to carry ‘pay-ore beyond 500 ft below the surface; 
but above this depth occur large, rich ore-bodies, which, accord- 
ing to McLaughlin, carry ore worth as high as $400 a ton. 
Faulting and displacement are probably of later date than the 
period of vein-formation. Some of the oxidized ore carries 
manganese dioxide. It is loose and clayey in texture and 
carries some silver to the exclusion of gold.^^ 

19. Exposed Treasure Mine^ Cal — The Exposed Treasure 
mine,®^ which is near Mojave, has produced considerable gold 
and silver. It is in an area of granitic rocks cut by quartz-por- 


^ Op. ciL, p. 36. 

Mines and Mmng West of the JRoeky Mountains^ vol. x., p. 329 (1876). 
^ Miming md JPress, voL xdy., No. 25, p. 796 (June 22, 1907). 

Idm, p. 796. 

^ Courtenay Be Kalb^ Tram,, xxxviii., 310 to 320 (1908). 
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phyry and capped by rhyolite. The lodes are probably Ter- 
tiary (group 4). The Exposed Treasure vein dips about 45° E. 
and is a sheeted brecciated zone. Considerable Assuring has 
taken place since the ore was deposited. 

. While the lodes are continuous, and often of great width, sometimes 
being 40 ft. and more from wall to wall, the pay-streaks, from 4 to 15 ft. in width, 
lie in well-defined chutes and oyerlapping sheets or lenses. It is noteworthy that 
only those chutes or lenses which now reach the surface contained important 
quantities of calcite and manganese dioxide.’ ' 

The oxidized ores contain much MnOj,, the concentrates car- 
■rying 12 per cent. In the altered oxidized ore are kernels of 
ore containing pyrite, chalcopyrite, galena, and sphalerite, and 
these are richer in the precious metals than the altered friable 
ore. As observed by De Kalb : 

. . . The altered ore hore manifest signs of extensive leaching, and where 
it had become almost completely decolorized by the removal of iron, the precious 
metal contents had nearly disappeared, and such ore never contained copper ex- 
cept in the form of chrysocolla. 

^^The absence of sulphides in all the [oxidized] ores, except in the cherty 
skeletons, and in the undecomposed kernels of hard ore, was very complete. The 
mill-concentrates (150 into 1) had an average composition of SiOa, 30 ; FeO, 37 
.... and Mn02, 12 per cent. These concentrates never contained more than 
1.5 per cent, of sulphur. 

“ In the lower friable siliceous ores, the ratio of gold to silver \vas as 1 to 12, 
while in the upper mangano-calcitic ores the ratio was as 1 to 72. Assays of 
gold-scale, and of coarse gold panned out, from all parts of the mine, showed a 
remarkably uniform alloy of 1 part of gold to 0.461 part of silver. The silver in 
the upper portion of the mine was present almost wholly in the form of silver 
chloride. 

^‘On the assumption, from the evidence, that the abundance of chlorides would 
prevent the leaching-out of the silver and its reconcentration helow water-level, 
and that the ferric and cupric sulphates would have abstracted large quantities of 
the gold, which would be re-deposited lower down together with the copper in 
the form of secondary enrichments, it was natural to predict an ore below per- 
manent water rich in these metals, and relatively lean in silver. It would be 
difficult to conceive a nicer justification of theory than tliat which was afforded 
when development at length extended below water-level. The ore consisted of a 
hard bluish-gray mass of original chert-cemented breccia, re-cemented by quartz, 
with partial replacement of the granite and quartz-porphyry by silica, heavily 
impregnated wdth sulphides, among which were considerable quantities of chal- 
eopyrite, bornite, and some covellite. The gold-content of the ore had increased 
150 per cent, above the average in the friable siliceous ores on the upper levels, 
and the ratio of the gold to silver was as 1 to 2.’^ 


20. Tonofah, Nev . — The deposits at Tonopah, Uev., are 
silver-gold replacement-veins in andesite. They are of mid- 
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die or late Tertiary age, but possibly somewhat older than the 
Oomstock lode* Placers are not developed. The primary ore,, 
according to J. E. Spurr,®® is composed of quartz, adularia, seri- 
cite, carbonates of lime, magnesia, iron, and manganese, with ar- 
gentite, stephanite, polybasite, chalcopyrite, pyrite, galena, 
blende, silver selenide, and gold in an undetermined form. The 
zone of oxidation extends to greater depth in the more-liighly 
fractured places ; and for this reason the brittle and more-broken 
lodes are more-deeply oxidized than the wall-rock. The Mizpah 
vein is for the most part oxidized to a depth of 700 ft. Stand- 
ing ground-water is lacking. The oxidized ore contains limonite 
and manganese dioxide, with plentiful horn-silver and some 
bromides and iodides of silver. The so-called oxidized ore- 
from the outcrop down is, according to Spurr, a mixture of 
original sulphides (and selenides), together with secondary sul- 
phides, chlorides, and oxides. At a depth of 500 ft. (in the 
Montana Tonopah mine) good crystals of argentite, polybasite, 
and chalcopyrite have been formed freely in cracks and druses 
of the sulphide ore. These minerals are later than the mas- 
sive ore ; but it cannot be shown that they were not deposited 
upon it by ascending waters. The case of dark ruby-silver 
(pyrargyrito) is different, however, for this is formed in cracks 
in the oxidized ore, and some argentite fringes minute particles 
of horn-silver as if secondary to it. The evidence therefore 
favors the view that these secondary sulphides in the oxi- 
dized zone originated from descending surface waters, and 
probably part, but not all, of the sulphides in druses in the 
sulphide ore have a similar origin.’^ 

The waters which descend through the oxidized zone carry 
sulphates and chlorides, and wad is plentiful ; but judging 
from the fairly-constant proportion of gold to silver (about 1 to 
100 by weight) there has been little selective migration of gold 
and silver during oxidation, although the vein has been enriched 
to some degree by downward penetration of minerals leached 
from the outcrop as it was eroded. The rich ore-shoots, though 
partly oxidized, seem to bo in the main original without thor- 
ough rearrangement According to Mr, Spurr, this may be 
ascribed in part to the relatively scanty supply of water in 
this arid region. 


^ FtoJmkmX Paper No, 42, IT. 8, Oeologml Survey, p. 90 (1905). 
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21. Goldfield, Nev . — The ledges of Goldfield are in middle 
or late Tertiary rocks, and, according to F. L. Eansome, were 
probably deposited within 1,000 ft. of the surface at the time of 
deposition. Ransome states convincingly the hypothesis that 
these deposits were formed by hot ascending solutions which 
mingled with descending sulphate-water contaminated by the 
oxygen of the air. Although the deposits are probably the 
most remarkable bonanzas of native gold-ores carrying little 
silver which have yet been discovered, it does not appear that 
they have been enriched to any considerable extent since they 
were deposited, for, as remarked by Ransome, it is difficult to 
harmonize the extent and intensity of alunitization which 
accompanies the gold with the hypothesis of the oxidation and 
enrichment of lean deposits during erosion. The mine-watoi's 
are rich in sulphates; and, judging from the geographical 
position of the deposits, they probably carry chlorides. Man- 
ganese dioxide is practically unknown in these ores, which in 
this respect differ from the ores at Tonopah and from a great 
many Tertiary deposits of the Great Basin province. No work- 
able placer-deposits have been discovered; yet notwithstanding 
the fact that there may have been several hundred feet of vein- 
matter removed from these deposits since they were formed, 
there is little reason to suppose that much gold has migrated 
into the existing bonanzas from above. The gold is very 
finely divided, and could easily have been scattered, if it 
had been eroded with the ledges. As shown by the analyses 
of deposits elsewhere that were formed close to the surface by 
ascending hot waters, they seldom carry much gold. The 
maximum deposition is lower down ; for, as soon as the as- 
cending hot waters are contaminated by ferrous sulphate from 
the surface, gold must be precipitated. 

The evidence offered at Goldfield is not out of harmony 
with the conclusion that, in the absence of manganese, gold is 
not readily transported in mine-waters. 

22. Manhattan, Nev , — The gold-deposits at Manhattan, al- 
though inclosed in schists, are in an area of Tertiary volcanic 
activity, and should he classed with the deposits formed in Ter- 
tiary times. Although the schists contain stringers of gold of 
uncertain genesis, the principal deposits are steeply-dipping 
lodes of quartz and calcite, stained with iron and manganese 
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oxides. Some placers are developed. Rich ore was found 
very near the surface, hut it was richer a few feet below the 
outcrop than at the surface. Some fracturing has taken place 
since the deposits were formed. In many instances the gold 
of the pockets of rich ore is intimately associated with iron and 
manganese oxides.^'’ In view of the fact that the unaltered 
sulphides had not been encountered when the mines were 
visited, the character of the primary ore is unknown to me. 

23. Annie Laurie 3Iine^ Utah , — The Annie Laurie mine,^®® 
175 miles south of Salt Lake, is in an area of dacite, rhyolite 
and rhyolite-tuff, and probably belongs to the later Tertiary 
group. The vein is poorly exposed at the surface, being largely 
covered by morainal material. Mr. Lindgren says: 

The forms an almost continuous sheet along the vein, rarely less than 

3 feet in thickness and often expanding to a width of 20 feet or more. As a rule 
the walls are poorly defined and slickensides indicating motion are rare. In 
places it c‘ontains, parallel to the walls, streaks of iron oxides and black, sooty, 
manganese ores. . . , 

“The mine- workings have not jienetrated below the zone of oxidation, and 
neither the (piartz nor the country-rock seem to contain any unoxidized sulphides.^’ 

In the absence of extensive post-mineral fracturing, one would 
suppose that the conditions for migration of gold were not par- 
ticularly favorable. Since the workings had not penetrated 
sulphide ore at the date of Lindgren’s report, direct evidence 
was lacking. 

24. The Bullfrog District^ Nee , — In the Bullfrog district the 
principal deposits are fissure-veins in rhyolite. The minerals 
include pyrite, quartz, and manganiferous calcite. Enough 
manganese is present in the calcite to stain much of the oxi- 
dized ore chocolate-brown or black. 'No placers are developed. 
The outcrops wore comparatively poor, but within a few feet 
of the surface good ore was encountered, and some of the de- 
posits were worked by open-cut. Some of the ore-deposits 
decrease in value below the 400-ft. level, where ore carrying 


Q. H. Garrey and W. H. Emmons, Bvllkin No, 303, U. S, Geological Survey, 
pp. 84 to 93 (1907). 

Waldemar Lindgren, Bidleiin No* 285, U, S. Geological Survey, pp. 87 to 90 
(1906). 

Kansome, Emmons, and (jiarrey, Bulletin No, 407, U, S. Geological Survey 
(1910). 
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less than $5 per ton is encountered. Since the ore above this 
level carried many times this value, it appears that there has 
heen a secondary concentration by surface-waters, and that the 
rich ore is related to the present topographic surface. 

25. Gold Circle, Nev . — The deposits of Midas, G-old Circle 
district, are in an area of late Tertiary rhyolites. The lodes 
are replacement-veins and sheeted zones and carry consider- 
ably more gold than silver (value). In the oxidized zone 
some of the ore is rich,- hut the sulphides are comparatively 
regular in value and give no evidence of extensive secondary 
enrichment. Some oxidized ore-shoots appear to have boon 
increased in value by the removal of substances more soluble 
than gold. The minerals are chieiy quartz and pyrite. In 
the oxidized zone are seams of very rich gold-ore, composed 
of manganese, limonite, kaolin, and soft hydrous silica. 

26. Delamar Mine, Nev . — The Delamar mine, in southeast- 
ern Nevada, is in quartzite cut by porphyry dikes of acid 
composition. It is presumably a Tertiary deposit, and is pro- 
visionally classed with group 4. The ore-body described by 
S. F. Emmons is related to a strong zone of fracturing which 
strikes with the quartzite, but dips about 75°, or nearly at 
right angles to the dip of the quartzite. The ore is in shoots 
or zones of crushed quartzite. The chief ore-body, which is, 
roughly speaking, a long and comparatively thin, nearly 
upright cylinder, is divided into four parts by a dike of quartz- 
porphyry and a more basic dike, which cross nearly at right 
angles in the ore-body. The orefollows the line of intersection of 
the two dikes rather closely. The ore at the bottom of the mine 
consists of quartz and pyrite, which fill fractures in the alteritd 
quartzite. Where the dikes cross in the ore-body the light- 
colored dike appears to be continuous, but notwithstanding 
this the line of the dark dike across the light one is generally 
marked by a slight stain of manganese dioxide, which, as slated 
by Mr. Emmons, is characteristic of the “ black ” dike, and 
perhaps gives it that name. 

Oxidation extends as far down as the tenth level. The ore 
that has been found below that level is too low in grade to pay 

103 Emmons, jBulletin 408, TI, S. Geological SuTvey (1910). 

Tram.j xxxL, 658 to 675 (1901), 
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for mining. The gold-ore carries silver and some copper. 
The tenor in gold increased from the surface downward to 
about the 7th level, although the values were not evenly dis- 
tributed, Some lots of ore ran as high as 30 oz. per ton, and 
the richer parts of the mine averaged from $30 to $70 per ton. 
At the 10th level they had decreased to $4 or $5 per ton. 


The Iron-Ore Deposits of the Moa District, Oriente 
Province, Island of Cuba. 

BY JENNINGS S. COX, JR., SANTIAGO DE CUBA, CUBA. 

(Wilkes-Barre Meeting, June, 1911.) 

The following notes, prepared in 1908, as the result of a 
personal examination and extensive explorations under my 
direction in 1906, have been revised and greatly augmented 
after two subsequent visits and further explorations in 1910. 

The hard iron-ores of the south coast of Oriente Province, 
in the island of Cuba, have been known for many years, in 
fact one mine has been in operation for more than 20 years; 
but it is only witliin the past four years that the large mantle- 
deposits of brown ores of the north coast have attracted serious 
attention. A. 0. Spencer^ has described these ores in a paper, 
entitled Three Deposits of Iron Ore in Cuba, which refers to 
the Mayari, Moa, and Oubitas deposits. C. M. Weld,^ in 
a scholarly paper, The Residual Brown Iron-Ores of Cuba, 
has discussed the character and possible genesis of these de- 
posits with particular reference to the Moa field, calling atten- 
tion also to the Taco and Kavas fields in addition to those de- 
scribed by Spencer. Descriptive articles with reference to the 
Mayari field, and a few wmrds about the Moa deposit, have 
also appeared.'** It is the purpose of the present paper to give 
some account of the exploration of the Moa deposit and to call 
attention to its commercial importance. 

Location. 

The Moa district is situated on the north coast of the 
Province of Oriente, which is the most easterly province of the 

^ Bulletin No. S40, U. S. Geological Swrvm/^ pp. 318 to 329 (1908). 

2 Trans., xl, 299 to 312 (1910). 

* Iron Age, vol. Ixxx., No. 7, pp. 421 to 426 (Axig. 15, 1907), and vol. Ixxxi,, 
No. 16. pp. 1149 to 1167 (April 9. 1908). 
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island of OulDa. It lies on the northern or seaward slope of 
the mountain range which, under various names, follows the 
north coast-line of the island, as a series of disconnected hills 
in the four central provinces and as a bold and continuous 
range, that forms a distinguishing feature of the landscape, in 
the most westerly province of Pinar del Rio and the most 
easterly province of Oriente. Moa lies about 35 miles west of 
the town and harbor of Baracoa, and nearly 45 miles east of 
the spacious harbor of Hipe. It is included in the Municipal 
District of Baracoa, in a sub-division thereof known as the 

Barrio of Nibujon. 

The district is unsettled except for a few fishermen’s huts 
near the coast. The coast-road from Mayari (Nipe bay) 
through Sagua de Tanamo to Baracoa passes through Moa, 
but this road is little traveled, amounts to scarcely more than 
a trail in some places, and is practicably impassable in the 
rainy season. The readiest means of access to Moa is by sea 
from Baracoa or Hipe bay. Baracoa is reached from Havana 
in three days, or from Santiago de Cuba in one day, by the 
Herrera Line, locally known as the north-coast steamers.” 
Mpe bay may be reached by rail from Havana in 24 hr,, or 
from Santiago de Cuba in 6 hr., or by the north-coast steamers 
from the same ports. The Royal Mail Steam Packet Co. and 
the Munson Line run passenger-steamers from Hew York to 
Ripe bay direct. Tugs and small sail-boats are available at 
Baracoa or Hipe, but those at the latter place are larger and 
better. The trip by sea is more comfortable and quicker than 
overland. Under ordinary conditions, the best way to get to 
Moa is, therefore, by sea from Hipe bay. The trip must, how- 
ever, be planned beforehand in order that the tug may get the 
necessary Custom-house clearance, otherwise it would be neces- 
sary to call at Baracoa first, to enter at the Oustom-houBe be- 
fore going to Moa, and time would be lost unnecessarily. As 
Moa is under the port of Baracoa, boats can sail from Baracoa 
direct to Moa. 

Geology. 

The underlying rocks of the island’s structure are syenites, 
diorites, serpentines, and basalts, above which in many places 
is found a sheet of organic limestone, deposited previous to the 
upheaval by which the island emerged from the sea. 
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Highly characteristic of the north coast, and particularly of 
the northern slope of the north-coast range, is serpentine, which, 
in many places, is covered by a highly-ferruginous mantle, 
the product of its own decomposition. 

In certain eases where local conditions have favored, nearly 
all the silica- and magnesia-contents have been carried off in 
solution and the residue is so high in iron as to attain the 
dignity of an iron-ore. It still carries, however, small quanti- 
ties of silica, with the alumina and nearly all the chromium 
and nickel present in the original serpentine. 

The following typical analyses first suggested the theory of 
the genesis of these deposits ; 
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Once one has studied the ore-body on the ground, a com- 
parison of these two analyses carries the conviction that the 
serpentine is the parent of the iron-ore and that the latter is 
a residual deposit resulting from the decomposition of the 
former. 

This theory has been independently arrived at and ably sus- 
tained by "Weld in the paper already referred to, and, in 1910, 
Dr. 0. K. Leith, after a careful study of the Mayari and Moa 
deposits, and analyses of the ore, foot by foot from surface to 
bed-rock, as well as of the rock itself, demonstrated beyond any 
reasonable doubt the correctness of the theory. This comment 
refers particularly to the four districts of the north coast of 
Oriente, since the Cubitas deposit differs from the others in 
certain essentials which would indicate a similarity but not an 
identity of origin. 

The process of laterization by which these ores have been 
formed is typical of tropical regions, where the intense heat 
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and tlie abundant precipitation of moisture appear to carry the 
ordinary process of rock-disintegration and decay somewhat 
further than in more-temperate climates. Where ordinarily in 
the process of such disintegration the silica remains in the resi- 
due with the alumina and iron, laterization is characterized by 
the removal of nearly all the silica in addition to the more-solu- 
ble elements. Just what the chemistry of this process of solu- 
tion of the silica is, has never, so far as I am aware, been defi- 
nitely determined. Weld‘ quotes the ingenious theory of Sir 
Thomas Holland, Director of the Geological Survey of India, 
who suggests that laterization is due to the agency of lower 
organisms possibly akin to the so-called nitrifying bacteria. 

He says : 

these are probably forms akin to the bacteria which oxidize and fix fer- 
rous compounds, and which, precipitating the silica in the colloid form, permit 
its removal by the dilute alkaline solutions simultaneously formed.’* 

Any detailed discussion of the facts and conditions which 
confirm this theory of the genesis of these ore-deposits is be- 
yond the scope of this paper, and has, moreover, been rendered 
superfluous by the work of Weld and that of Leith, to which 
reference has already been made. 

The red ferruginous mantle, product of the process of latcriza- 
tion, is typical of Pinar del Rio Province, and occurs in the 
northern part of Camaguey and Oriente Provinces, but so far 
as is known, with the exception of one place in Pinar del Rio 
and the Cubitas district in Camaguey Province, it is only on 
the north coast of Oriente, in the Mayari, Moa, Taco, and 
^Tavas districts, that conditions have resulted in residual de- 
posits suflBiciently high in iron to be classified as ores. 

One deposit which I examined in Pinar del Rio, containing 

50.000. 000 tons of ore, and the immense deposit, exceeding 

600.000. 000 tons, at Mayari, are both characterized by a growth 
of pine timber and an almost complete absence of any under- 
growth other than ferns ; but this is not an essential character- 
istic, since at Moa some portions are covered with pine timber 
and others with various native trees and a dense jungle of 
undergrowth. 


* Tratts,, xl., 308 (1910). 
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Smallor oro-bodies and near-ore bodies are reported from 
other provinces, but nothing has yet been examined to compare 
with the great deposits of Oriente Province, of which that of 
Moa is probably the most extensive. 

ChaKACTEB OB' THE Orb. 

As indicated above, the ore consists of a mantle or blanket 
layer of varying thickness on the serpentine rock. The depth 
varies from nothing to more than 80 ft. ; but, with the excep- 
tion of one extensive bank in the Moa district, where there is 
a depth of from 50 to 80 ft., the average depth is fairly regular, 
running about 18 ft. This also checks very closely with the 
average depth of the Mayari deposit, the only one where 
thorough explorations are available for comparison. 

The ore appears in three characteristic forms. 

1. The great bulk of the deposit is an earthy mass, dark red 
to yellow in color, the yellow portions generally near the bed- 
rock and the darker red at tlie surface. Color is, however, no 
indication of the iron-content, but is apparently a function of 
the relative proportions of limoniteand hematite in the ore. ITear 
the surface the hematite predominates, and, with it, the red 
color, while close to bed-rock the iron is practically all present 
in the form of limonite, and the characteristic color is yellow. 
This condition has been carefully studied at Mayari, where the 
Spanish-Anierican Iron Co. has for more than a year been 
engaged in mining this type of ore, and the conditions noted in 
these open workings are confirmed by borings made at Moa. 

Charles Vorlain, Professor of Geology at the University of 
La Sorbonne, Paris, in an article® elaborating the theory of 
laterization and calling attention to the laterites of India, 
South America, and Africa, refers to the alteration of serpen- 
tine in words which to all intents and purposes desci’ibe this 
earthy variety of the ore. 

He says ; 

^^The alteration of the eruptive rocks, formed of ferromagnesian silicates, also 
produces ferruginous laterites similar to those described above, of a deep brick red 
color. In the notably uniform composition of this red earthy mass so character- 
istic of tropical regions, the variations it presents depend solely on the greater or 
less proportion of the hydrated oxide of iron that it contains.^’ 


^ Orande En&ydop^die Frangaise. 
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2. The ore also occurs in small shot-like particles, generally 
concentrated on the surface by the action of water, but fre- 
quently imbedded in a matrix of the earthy ore to the depth 
of 8 or 10 ft., and occasionally even deeper. At Moa these 
pellets or nodules are frequently coarser than at Mayari and 
such coarser nodules are found over the entire surface of con- 
siderable areas. 

3, A third form is the result of the cementing together of 
the smaller nodules and “ shot ” ore into boulders and masses. 
On the Mayari plateau in several localities, at the sources of 
streams where there is an excess of water with little velocity 
of flow, the ore has been cemented by the action of the sun, air, 
and water (with dissolved and re-precipitated iron oxide as a ce- 
menting material), to form beds or layers of so called hard ore. 
These cover many acres in different portions of the Mayari 
plateau ; but are rarely more than 2 or 8 ft. thick, and do not 
differ in analysis from the remainder of the ore-body. I have 
not observed similar beds at Moa, but hard ore has frequently 
been encountered in the borings, which may indicate a con- 
tinuous layer or may prove to be only isolated boulders. 

Perhaps the most striking characteristics of the ore, and 
certainly of paramount importance commercially, are the great 
extent of territory that it covers and the entire absence of 
over-burden. 

The ore-beds are continuous for miles, and in Moa alone 
there are more than 70 sq. miles of a nearly-contiimous ore- 
body, broken only by patches of low-grade ore and barren 
areas, where rivers and streams have carried away the oro and 
exposed the underlying serpentine. 

The Moa deposit lies on the northern slope of the range and 
extends from the water’s edge inland for a distance of nearly 
10 miles in an almost unbroken stretch. Here it is more or 
less broken by the topography of the mountain formation, but 
beyond the first range and an intervening valley it is again 
found on a plateau 15 miles inland. Along the coast there are 
occurrences of ore all the way from Moa nearly to Baracoa. 
Here are the Taco and Havas fields, to which reference has 
been made. "What is known as the Moa district extends nearly 
10 miles east and west. The mountain spurs come down in 
some instances to the sea, and the ground is therefore cut by 
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drainage into a series of ridges and valleys. There are, how- 
ever, great stretches of gently-rolling country. 

The absence of over-burden other than the growth of timber 
and underbrush is an important characteristic. The pine tim- 
ber usually has from 6 to 8 ft. of tap-root and seems unable to 
penetrate the ore further, as the root “ brooms ” at this point. 
This would appear to account for the fact that trees after about 
25 years of growth do not increase in size and are rarely found 
as large as 2 ft. in diameter. The forests of other woods have 
shallow roots spreading over the surface of the ground. There 
is not enough vegetable humus to make any significant differ- 
ence in the analysis of the surface-ore as compared with the 
deeper ore. It may be mined literally from the grass-roots 
down. 

Discovery. 

Both in the Mayari and Moa districts the so-called “ King’s 
Highway,” as the rough pony-trail is somewhat pompously 
termed, runs directly over the ore. In the Mayari field the 
Spanish troops during the 10 years’ war built a small fort, com- 
plete %vith its moat and bastions, entirely of the iron-ore. This 
was intended to guard the telegraph-lines, which followed the 
trail, as well as the trail itself. It is evident, therefore, that in 
both districts, as well as in Taco and Kavas, the red earth was 
well known, but had never been recognized as ore. The dis- 
covery that it was ore was a gradual process. More than 20 
years ago a number of claims were located, or in the Spanish 
term “ denounced,” in the Moa district. They were near the 
coast and were confined chiefly to the occurrence of boulders 
and hard ore, and as the quantity of these was not great, and 
as some of the earlier samples were extraordinarily high in 
chromium, the district did not attract any attention and some 
of the claims were abandoned. Again, about 8 years ago, in- 
terest was renewed in the deposit and a number of claims were 
denounced. To my knowledge, at least three different engi- 
neers reported on the deposit at different times and their con- 
clusions were unfavorable. 

This result seems to have been due to the fact that every- 
body considered only the shot ore and boulders. The possi- 
bility of concentrating the former by washing it from its earthy 



80 


THE IRON'OKE DEPOSITS OE THE MOA DISTRICT. 


matrix was discussed more than once. It had not yet dawned 
on any one that the earthy matrix itself, that great mantle 
covering so vast an area for a depth of 18 ft. and more, was 
really just as good quality ore as the concretionary forms on 
which attention has been centered. The report of a Spanish 
engineer that there were 36,000,000 tons of ore on the 
claim which he examined at Moa, was received with amused 
tolerance. He was, in fact, not far from the truth, though he 
himself did not claim that the earthy mass was ore, and incor- 
rectly relied on the shot ore and boulders to yield his tonnage. 

It was in the Mayari district, where systematic explorations 
were undertaken as early as 1904, that the truth came to light. 
Even here the earliest explorations were conducted under my 
direction on the hard-ore beds or layers already noted. A 
casual sample in a sink-hole directed attention to the quality ot 
the red earth as being in no way different from that of the 
planchas, as the natives term the beds of “hard” ore. Even 
after the quality of the red earth was known, the yellow ore 
lying below it looked so like a simple clay that it was neglected, 
until systematic sampling and analysis developed the fact that 
it was as high, and probably higher, in iron-content than the 
hard ore and the red earth. 

Thus it slowly became apparent that, from the surface to the 
underlying serpentine, the whole mass was in effect homoge- 
neous, the occurrence of concretionary forms being due to local 
conditions that did not alter in any marked degree its chemical 
composition, and the variations in color being duo to its more 
or less hydrated condition. Then, for the first time, the enor- 
mous extent and vast commercial importance of these ore- 
bodies were grasped. 

Following this discovery in the Mayari district, a great num- 
ber of claims were denounced in Moa, but no explorations were 
undertaken until the Spanish-American Iron Oo., which 
owned and had explored the Mayari district, began the explo- 
ration of its claims at Moa. 

Explobations. 

This work began in December, 1905, and was completed in 
July, 1906. During a part of that time two full parties were 
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in the field, more than 50,000 acres of ore-land was examined, 
the district was mapped, hydrographic surveys were made of 
Moa bay, and several thousand samples of ore were taken and 
analyzed. 

The nature of the ore-body lends itself to exploration by a 
method which w^as develojied at Mayari, and which merits de- 
scription here.® The ore can be bored with an ordinary carpen- 
ter’s auger, and its consistency is such that the entire shaving 
remains in the auger, which is withdrawn and cleaned every 
four complete turns, and thus an accurate sample of the ground 
bored is secured. In spite, or better, because, of the high per- 
centage of water in the ore the hole does not cave, and by 
cleaning it frequently, to avoid getting scrapings from the 
upper portions in the lower samples, the correctness of these 
can be assured. By using sectional rods, with a screw-thread 
at each end and connected by a sleeve-nut, holes have been 
bored exceeding 80 ft. deep. 

The men acquire great facility in handling the augers and can 
bore very rapidly, covering a wide area each day. In no other 
way would it have been possible to explore this large territory 
except with much difficulty and at great expense. Occasional 
pits are valuable as a cheek on the borings and to permit a 
study of the ore at various depths, but no system of pits or 
tunnels could have done the work so thoroughly in the compara- 
tively short time that the borings accomplished these results. 

The boring system is dwelt on here as, when actual mining 
begins, it not only afibrds an inexpensive manner of determin- 
ing in advance the exact quality of the output for any given 
length of time, but also, from the knowledge thus derived of 
the toi’)ography of the underlying rock, it enables the mining- 
work to be planned for years in advance. 

In this manner more than 900 borings were made, and samples 
were taken of every 6 ft. of each boring, and sometimes 
oftenor. In a number of cases these borings were stopped by 
hard ore. A means of penetrating this has since been devised, 
and, in practically all eases, the usual ore was found below the 
shell of hard ore, frequently better in quality than that found 
above. 


VOL. XLII. — 6 


^ This volume, p. 146. 
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The borings were spaced generally at intervals of 1,000 ft., 
although ill some cases rows of borings were separated from 
one another by a greater distance. The claims thus systemati- 
cally explored were the Sagua, Baracoa ISTo. 2, Yamauiguej", 
Moa, Lirio, Cabanas, Punta Gorda, and Yagrumaje, which, for 
convenience, are referred to as the Moa group,’’ and which 
cover a total area of 13,832 hectares, or 84,179 acres. A few 
borings were made on most of the other claims then existing 
in the district; this work covering another 8,672 hectares, or 
21,181 acres. In 1910 systematic borings spaced 250 m. 
apart were made over the claims, Juan Manuel, Frasco, Gua- 
rico, Guarico Primero, Guarico Segundo, Ysabel, Ysabol Pri- 
mero, Ysabel Segundo, Esperanza, and Esperaiiza Primero, 
which form a compact group just south of the great Punta 
Gorda claim, covering 5,460 hectares, or 13,492 acres, and 
known as the Eodrigo group.” 

The ore-area explored on the Moa group was 8,100 hectares- 
out of a total of 13,832. Nearly 1,000 hectares of additional 
ore-groL>iKl were not explored in 1906, as they were in the 
southerly portion of the Punta Gorda claim, and were separated 
from the original explorations by barren ground. They were 
subsequently explored in connection with the group of claims 
just south of the Punta Gorda. 

Over the area of 8,100 hectares or, more exactly, 874,000,000 
sq. ft., the average depth of the ore was found to be 18.1 ft. 
As the ore varies in density, a number of tests were made to 
determine the number of cubic feet to the ton. This varied 
from 15 to 24, with an average of 18.5 ; hut, for the purpose of 
calculating tonnage, 20 cu. ft. of the ore in place has been taken 
as representing a ton. 

The 874,000,000 sq. ft. of ore 18.1 ft. deep, at 20 cu. ft. to the 
ton, would give 791,000,000 tons, but as a matter of fact the 
borings near the edge of the ore-body are shallower and repre- 
sent smaller areas, and, in calculating the ore-tonnage, the 
depth of each boring was multiplied by the area it represented • 
and the product divided by 20, which yielded a total tonnage 
of 803,000,000 tons in the Moa group. 

It might be argued that the great tonnage above shown is 
based on too small a number of borings ; and such a point of 
view would not be unnatural to an engineer accustomed to 
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work on veins or limited areas; but a simple inspection of the 
ground by an engineer, having before him that proof of the 
homogeneity of the ore-body which chemical analysis affords, 
will convince him of the accuracy of the method. Furthermore, 
this has been demonstrated in actual practice. At Mayari the 
earlier borings were made at intervals of 100 ft., but the ore 
proved so homogeneous, in character and analysis, that this- 
distance was increased to 300, 500, and finally to 1,000 ft- 
The results thus secured were subsequently checked and con- 
firmed by borings, 25 and 50 ft. apart, on four limited areas, 
widely separated from one another, and each representing 
several million tons. Furthermore, in the Moa deposit, bor- 
ings made in 1908, every 100 m., over two claims representing 
340 hectares, have proved up 45,000,000 tons. In the explora- 
tions I made in 1906, these two claims were included in the 
number in which only a small amount of work was done, 18 
borings being made on the two claims in question. The 
thorough explorations referred to check the 18 borings very 
closely as to depth and show a better quality of ore than was 
found originally. 

As a final proof, the entire exploration-work, by which the 
803,000,000 tons were developed, was checked in 1910 by an 
independent engineer, Dwight E. Woodbridge, who rebored 
about one-half of the original work, and also made intermediate 
borings, which confirmed the results from surrounding borings. 
He also explored, for the first time, nearly 1,000 hectares on the 
Punta Gorda claim, and about 540 hectares on smaller claims 
not previously explored, checking very closely the original re- 
sults and increasing the total tonnage to 865,000,000 tons. 

In the Rodrigo group, which lies to the south of the Punta 
Gorda claim, complete explorations have developed 224,000,- 
000 tons of ore. 

The estimated ore in the mining-claims which were less 
thoroughly explored, but where the results may be regarded as 
fairly accurate, gives a total of 280,000,000 tons. We have 
thus in the Moa district proper as the result of my explora^ 
tions 1,307,000,000 tons of ore, which total has been increased 
by the work of others. These are startling figures, but their 
accuracy is unhesitatingly affirmed. 

Such a body of ore lying on the surface, with no further 
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over-burden tban the pine timber and hardwood forests, extend- 
ing from, the shore of a deep-water bay over a country perfectly 
accessible for a railroad, apart from its interest to the scientist, 
compels the attention of the engineer for its commercial pos- 
sibilities. 

Quality op the Ore. 

The iron is present in the lower levels practically all in the 
form of limonite and possibly other hydrated oxides. IsToar 
the surface it has parted with some of its combined water and 
oxygen, and hematite and magnetite predominate over the 
limonite. Alumina and chromium are fairly constant, but 
nickel and cobalt increase materially in the lower levels. 

An uncompensated average of samples over the entire area, 
including all grades of material, gives the following results : 



Per Cent 

811 samples, Fe . . . 

. 41.32 

668 samples, Si 02 

. . 7.22 

568 samples, AlgOs . 

. 14.81 

668 samples, Cr . . • 

. . . 1.58 

202 samples, P ... 

. . . 0.012 


The nickel and cobalt vary from 0.44 to 1.28, with an aver- 
age of 0.8 per cent. 

The natural basis of comparison for this ore is with that of the 
Mayari deposit, and it is found that the former is rather more 
homogeneous. While in Moa the amount of ore carrying less 
than 30 per cent, of iron (and consequently of a quality that 
would be discarded in operating the mine) is about the same as 
in Mayari, there is a considerably greater proportion of Moa 
ore between 80 and 40 per cent., as shown in Taljlo L, pre- 
pared in 1906 : 


Table I . — Comparison of Mayari and Moa Ores, 

Percentage of all Sample 
Mayari Moa. 

Composition Analysis. 

Per Cent 

Per (lent 

From 10 to 20 per cent, of iron, . 

4 

1 

From 20 to BO per cent of iron, . 

. 2 

4 

From 30 to 40 per cent, of iron, . 

. 6 

27 

From 40 to 43 per cent, of iron, . 

. 6 

20 

More than 43 per cent, of iron, . 

. 82 

48 


The figures given in Table I. include all of the ore-body. 
Tables II. and TIL show the quantities of this ore that can be 
regarded as commercially available. 
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Table II. — Commercial Ores of Moa Group. 



No. of 

Average 

Iron-Content 

(Compensated 



Borings. 

Depth 

for Tonnage). 

Tons. 



Feet. 

Per Cent. 


Less than 30 per cent, of iron, . 

24 

17.9 

23.3 

34,521,000 

From 30 to 35 per cent, of iron, 

35 

17.4 

32.2 

40,670,500 

From 35 to 40 per cent, of iron, 

85 

16.5 

37.7 

92,501,500 

From 40 to 45 per cent, of iron, 

182 

18.7 

42.6 

311,379,750 

45 per cent and upward, . . 

Borings not analyzed, but as- 

203 

18.7 

46.3 

305,580,750 

sumed at average analysis of 
other borings, 

19 

14.7 

42.0 

18,667,500 

Total, 

548 

18.1 

42.0 

803,411,000 

Omitting all containing less than 
SO per cent, of iron, . . . 

Omitting all containing less than 

524 


42.9 

768,790,000 

35 per cent of iron, . . . 

Omitting all containing less than 

489 


43.5 

728,119,500 

40 per cent, of iron, . . . 

404 


44.3 

635,618,000 

Table III. — Commercial 

Ores of Rodrigo Group. 




Iron-Content 


No of 
Borings. 

Average 

Depth. 

(Compensated 
for Tonnage). 

Tons. 



Feet. 

Per Cent. 


Less than SO per cent, of iron, . 

14 

23.6 

22.9 

9,122,600 

From 30 to 35 per cent, of iron. 

37 

18 4 

33 0 

21,961,600 

From 35 to 40 per cent of iron, 

71 

21.4 

37.3 

49,496,200 

From 40 to 45 per cent, of iron. 

142 

21.3 

42.8 

96,791,700 

More than 45 per cent, of iron, 

68 

20.4 

46,7 

46,821,700 

Total, 

332 

20.8 

40.6 

224,193,800 

Omitting all containing less than 
30 per cent, of iron, . . . 
Omitting all containing less than 

318 

20.8 

41.4 

215,071,200 

35 per cent, of iron, . . . 

Omitting all containing less than 

281 

21.1 

42.3 

193,109,600 

40 per cent, of iron, . . . 

210 

21.0 

44.0 

143,613,400 


Attention is called to the fact that all the determinations of 
Tables I., II., and m. are of the ore dried at 212° F., and still con- 
taining its combined water. Furthermore, they represent only 
the soluble iron, as, on account of the chromium present, the de- 
termination of total iron required fusion and was slow and in- 
convenient, especially when the laboratory- work was done in 
the field, as was the ease with some of the explorations. 

To the figures given, from 0.5 to 1 per cent, should be added 
for the insoluble iron, and 0.8 for nickel, a total of 1.6 in all. 
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Taking from Tables I., II., and III. all the ore containing 
more than 30 per cent, of iron, we have : 

Tons Pei Cent. 

Moa group, .... 768,790,000 42.0 

Bod rigo group, . . . . 215,071,200 , 41.4 

Compensated, . . . 983,861,200 42.57 

Add to this content of soluble iron 1.5 for insoluble iron and 
nickel and we have 44.07 per cent. The combined water exceeds 
14 per cent., but 12 per cent, has been assumed as more conser- 
vative. Expelling this water, we have 44.'07 divided by 0.88, 
or 60 per cent, of metallic units in this 988,000,000 tons of 
ore. 

The 280,000,000 tons, estimated in other claims less accu- 
rately explored, are a part of the same great ore-body, con- 
tinuous and homogeneous with the remainder and separated 
from it by arbitrary survey-lines only. It is, therefore, reason- 
able to assume that its average quality is substantially the 
same. 

Assuming this proportion, we have 268,000,000 tons for 
these claims, a total of 1,251,000,000 tons of ore w'itli 50 per 
cent, of metallic units of iron and nickel. 

It must, however, be borne in miiid that the above lonnago 
represents the weight of the ore as it lies in the ground ; while 
the analysis represents ore from which all moisture, both hygro- 
scopic and combined, has been expelled. 

In addition to from 10 to 14 per cent, of combined moisture, 
the ore contains from 25 to 80 per cent, of hygroscopic mois- 
ture, a total of from 40 to 42 per cent, of water in the average 
ore. There is nothing in the appearance of the ore to indicate 
this very high percentage of moisture. Shafts and tunnols 
stand without timbering, and after several years still show the 
marks of the picks. In open-cuts, where the ore is in vertical 
faces, it drops off after exposure to the sun and rain. 

The tonnage of ore actually containing, when dried, 60 per 
cent, or more of metallic units of iron and nickel, as calculated 
above, must, therefore, be taken at 60 per cent, of the total ton- 
nage of ore in the ground in its natural state, or 750,000,000 
tons. This tonnage refers only to the ore developed by the ex- 
plorations described above. There are some claims near the sea 
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which I have not explored and the ore 16 miles inland I have 
not even visited. No attempt is made to estimate the additional 
tonnage these represent. 

Commercial Availability. 

Since there must be always two sides to the shield, it is 
not surprising that an ore, with so many features favorable to 
its commercial exploitation, should also present problems that 
involve exteiisive and painstaking experiment for their solu- 
tion. Its clay-like consistency made it uncertain how it would 
act in the steam-shovel dippers or excavator-buckets, difficult 
to remove from cars by dumping, and practically impossible to 
stow in bins or any other device involving its removal from 
the bottom of the pile. 

The high percentage of moisture, and the consequent trans- 
portation-charges and duties on 40 per cent, of water, necessi- 
tated drying the ore, and the extreme fineness of most of the 
dried oi'o made it necessary to carry the process further, and, 
by increased temperature, produce incipient fusion and con- 
vert the ore into nodules suitable for the blast-furnace. 

In the furnace the high alumina-content complicated the slag- 
calculations, and once pig-iron was produced, the elimination of 
the chromium was essential to the production of satisfactory 
steel. 

A detailed description of how these several problems have 
been met would form a paper of some length. It is suffi- 
cient here to say that the Pennsylvania Steel Oo., the parent 
company of the Spanish-Amorican Ir.on Oo., has worked out 
practical solutions of all these difficulties in the case of the 
Mayari ores, and the results are applicable to the similar Moa 
ores. 

At Mayari, the ore is handled by shovels, or by scraper- 
excavators, and does not cling to the dipper or bucket. Special 
railroad-cars capable of being tipped to an angle of 90 are 
used to transport the ore, which falls from the car, leaving the 
inner surface nearly clean. When the ore must be handled 
subsequently, this is done by grab-buckets from gantries or 
moving bridges. 

Kilns, resembling the ordinary cement-kiln, are used to pro- 
duce nodules, which have proved highly satisfactory for use in 
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the Wast-furnace ; and it has been demonstrated that a certain 
amount of undried ore can be mixed with the nodules in the 
furnace-charge without producing any abnormal amount of flue- 
dust. In spite of the high alumina, the blast-furnace slag 
gives no trouble. 

The partial or complete elimination of the chromium and 
the production of a satisfactory steel were accomplished after 
patient experiment. Steel rails made from this ore have de- 
monstrated their superiority over ordinary rails, by actual use 
on the Horseshoe Curve of the Pennsylvania railroad. For 
more than a year the Pennsylvania Steel Co. and the Maryland 
Steel Co. have manufactured commercially, from Mayari ore, 
a steel which, by reason of its nickel-content and low phos- 
phorus, is superior to the ordinary Bessemer and open-hearth 
products. 

Harbor. 

A safe and sufficiently large harbor is indispensable to suc- 
cessful exploitation. The so-called bay of Moa is apparently 
directly exposed to the prevailing HE. trade-winds, but is in 
reality protected by a line of coral reefs which form an effec- 
tive breakwater and render the harbor a safe anchorage for 
the largest vessels. 

There is a wide entrance between the reefs, and soundings 
have shown the existence of deep water to within 1,000 ft. of 
the shore. 


Cost op Plant. 

The deposit offers so many attractive conditions that some 
figures on the cost of opening it should prove of interest. 

In the absence of accurate surveys and of borings to deter- 
mine the nature of the bottom of Moa bay, only an approximate 
preliminary estimate can be presented. 

The first step in opening the mines should be the purchase 
of a steam-lighter of from 150 to 200 tons capacity, and capa- 
ble of going to sea in all ordinary weathers, with a speed of 
from 7 to 8 miles an hour. Such a vessel would be indispen- 
sable in preliminary operations, carrying supplies and men from 
Hipe or Baracoa, for surveys, establishing camps and install- 
ing the first machinery and a wharf to deep water. When this 
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has been done, it should be arranged to have Moa made a port- 
of-entry, so that freight-steamers could bring machinery and 
supplies directly to Moa bay. A steam-lighter is suggested as 
being safer than an ordinary tug with lighters. The latter are 
used under similar conditions on the south coast of Cuba, but 
the sea is generally rougher on the north coast where the trade- 
winds prevail. 

A telephone-line should be built to Mayari, near Nipe bay. 
This will probably be done by the government when perma- 
nent construction is begun at Moa. 

Further requirements are, an ore-dock or other loading- 
device, apparatus for the discharge of coal, a short railroad, 
shops, power-plant, nodulizing-kilns, water-supply, telephone- 
lines, ice-plant, and the necessary buildings to house the em- 
ployees and laborers. 

Although I have prepared figures on the necessary installa- 
tion in detail, the estimate is here given as a total, because, 
while reasonably close in the aggregate, there are not avail- 
able sufficient data for accuracy in the details of the installa- 
tion. It is estimated that the cost of opening the mines and 
equipping for a production of from 45,000 to 60,000 tons of 
nodules (requiinng say 75,000 tons of crude ore) per month, 
and from 25,000 to 30,000 additional tonnage of crude ore, 
wmuld be between |3, 000, 000 and $8,500,000. 

After the work of construction is completed the amount of 
unskilled labor employed will be comparatively small, as the 
mining will be done by shovels and excavators. The mining 
and railroad laborers employed in Cuba are almost exclusively 
Spaniards, and these generally Gallegos^ or natives of the 
Province of Galicia. Locomotive engineers, machinists, car- 
penters, etc., are usually Cubans. The Spanish laborers are 
sober, industrious, and generally easily handled. Strikes are 
of rare occurrence, and labor unions do not exist. The ruling 
rate of wages is $1 *per day ; but contract- and task-work are 
the rule, so that the men can earn from $1.30 to $1.50 per day 
of 10 hours. 

Timber for railroad-trestles, ties, and general construction is 
available on the ground. The pine timber, while not equal to 
long-leaf yellow pine, is perfectly good for all ordinary building 
purposes. 



90 IRON-ORBS OF CENTRAL AND NORTHEASTERN CtJHA. 


It is believed that novhere else in the world is there a con- 
tinuous iron-ore deposit of such magnitude. The size of the 
ore-body gives a character of permanence unusual in mining- 
operations, the nature of the ore insures a minimum mining- 
cost, the proximity to tide-w'ater affords unusual transportation- 
facilities, and the presence of nickel in the ore adds greatly to 
the value of the finished product. 

In these days, when the ownership of a supply of raw mate- 
rial is recognized as indispensable to the successful opeiation 
of any great steel- works, the field offers an absolutely unique 
opportunity to a plant on or near the Atlantic coast. 


Origin of the Iron-Ores of Central and Northeastern Cuba. 

BY C K. LEITH AND W. J. MEAD, MADISON, WIS. 

(Wilkes-Barre Meeting, June, 1911 ) 

One of the most significant developments in the iron industij 
in recent years has been the discovery and opening of enormous 
reserves of low-grade ore in eastern and nortlieasteru Cuba, 
The two principal fields are the Mayari and the Moa, situated on 
Nipe bay, in the Province of Oriente. A loss well-known dis- 
trict of the same type is that of Baracoa, at the cast ot the 
island, and another is in Oaraaguey Province in central Cuba, 
In the comprehensive estimates of the iron-ore reserves ot the 
world, published during the summer of 1910 by the Interna- 
tional Geological Congress in Sweden,^ these Cuban deposits 
are estimated at about 2,000,000,000 tons. Certain it is that 
the reserve is a large one. The Spanish-Anierican Iron Co., 
the Juragua Iron Co. (Bethlehem Steel Co.), the U, S, Steel 
Corporation, and others have l)een active in this exploration. 
The Spanish-Anierican Iron Co. has established a port tor the 
handling of these ores at Felton, has built a railway 16 miles 
to the ore-fields, and has opened up deposits for steam-shovel 
mining. Its expenditures have reached an aggregate of about 
16,000,000 in preparation for tlie handling of these ores. Ship- 
ment of the ore to Sparrow's Point, Md., has begun and may 
be expected to rise to a considerable amount in the near future. 

^ The Iron Ore Besourees of the World, an inquiry made wpon the iniiicUive <f the 
Executive Committee of the Eleventh Intermtiond Geological Congress, Stockholm, voL 
iL, p. 795 (1910). 
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The ore reaches this point at a cost per unit of iron considera- 
bly lower than Lake Superior ores, and the presence of a low 
percentage of nickel gives a desirable steel. It is not the pur- 
pose of this article to consider these ores from a commercial 
stand-point, but rather to discuss their origin. If our conclu- 
sions are correct, they throw light on the character of the de- 
posits which should have some commercial significance. 

I. The Moa and Mayari Deposits. 

Much of tlie interior of Cuba is a plateau from 1,500 to 2,000 
ft. above sea-level, and locally higher or lower, on which the 
ores rest. On the steep slopes descending to the ocean and in 
drainage-channels in the interior the ores are thin or altogether 
lacking, Tlie deposits as a whole constitute a nearly horizon- 
tal mantle, from a few inches to 80 ft. thick, over the surface 
of the serpentine country-rock. The lower contact is irregular. 
Erosion has exposed the country-rock in the valleys and slopes. 
The ores are dominantly limonite, containing more or less 
hematite, magnetite, and intermediate hydrates of iron near the 
surface. Metallic iron averages about 46 per cent. While 
locally variable, there is a general tendency for the iron to de- 
crease slightly towards the surface, and to maintain its average 
grade, or better it, towards the bottom. The content of free 
water averages from 26 to 30 per cent., the combined water 
from 10 to 15 per cent. When dried and dehydrated in a 
nodulizing-plant at Felton (similar to a cement-kiln), the mois- 
ture and combined water are driven off sufficiently to bring 
the content of metallic iron up to between 50 and 55 per cent. 
Phosphorus is for the most part below the Bessemer limit. 
Nickel and cobalt are present in quantities ranging up to 1.5 
per cent, throughout the deposits, especially in the middle 
part. The presence of these metals is advantageous to the 
quality of the steel produced from the ore. Chromium ranges 
up to 2.6 per cent., the higher amounts being reached towards 
the middle and lower parts of the deposits. Its economical 
elimination in smelting has been demonstrated. 

The principal impurity is bauxite (and gibbsite), which, how- 
ever, gives no trouble in smelting. In smaller amount is kaolin. 
Bauxite increases in percentage towards the surface, while kaolin 
-decreases. The percentage of kaolin is not higher than in cer- 
tain Mesabi ores. 
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The lower parts of the deposits are soft and earthy in texture 
and of a yellow color, grading up to a dark red in the upper 
parts, which are granular, consisting of small pellets ranging 
locally up to 0.5 in. or more in diameter, in a matrix of soft 
iron oxide and bauxite. Directly at the surface, in places 
where the ore has not been disturbed by erosion, the granular 
ore has been cemented or case-hardened by infiltration of iron 
salts into planchas^ or sheet-deposits, up to 4 ft. thick. Bedding 
is nowhere to be seen in the ore. 

1. Source of Mayari and Moa Ores, 

Geologists are substantially agreed that the ores of the ]Moa 
and Mayari fields are residual or mantle-deposits resulting from 
surface-alterations, in place, of serpentine rock, which in turn 
probably represents the alteration of some other rock like a 
peridotite not yet disclosed by underground explorations. With 
the serpentine there are present very minor quantities of intru- 
sive dike-rocks high in alumina, which by the surface-altera- 
tions yield clay, not iron-ore. Iron-ore of the Mayari type is 
found not only in Mayari, but in other parts of Cuba ^Yhere 
serpentine is known. In addition to practical identity iii dis- 
tribution of the iron-ore and serpentine, the iron-ore shows 
mineralogical, chemical, and textural characteristics which are 
the normal result of alteration of the serpentine rock at tlie 
surface. 

15’otwithstanding the general consensus of opinion as to the 
origin of the Cuban ores of this type, the question was recently 
raised as to the proper classification of the ores under the 
Cuban laws, and it became desirable to establish more defin- 
itely, so far as possible on a quantitative basis, the derivation 
of the iron-ore deposits from the serpentine by weatlioring hi 
situ. The results of this work are presented below. 

Thousands of analyses made by the Spanish- American Iron 
Co. have been available, and, iu addition, 20 analyses have 
been especially made under the supervision of Mr. Mead from 
samples personally collected. 

The changes from serpentine to ore may be considered (r/.) in 
terms of volume of minerals and rock, and (b) in terms of 
weight. 
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cu Consideration of Alterations from Serpentine to Ore in Terms 
of Volume . — In Fig. 1 the gradation in composition of the ore 
from the surface downward, and the changes in composition 
of the serpentine rock itself during its alteration to ore, are 
shown graphically. The figures platted are from actual analy- 
ses and measurements of pore-space, and represent definite, 
indisputable facts in a typical and average case. The minerals 



1. — BiAcaAM Showing in Terms op Yolumb the Variations in 
Mineral Composition ani> Porm-Space in a Typical Mayari Ore- 
Body, PROM THE Surface Downward into the Serpentine Book. 

Based on a series of 11 complete physical and chemical determinations on samples 
taken at approximately equal vertical intervals. 

have been calculated from the chemical analyses and reduced 
to terms of volume, to permit the consideration of pore-space. 
The iron has been calculated as the minerals hematite aiidlimo- 
nite, though this does not necessarily preclude the existence of 
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hj^drates intermediate between bematite and limoiiite, or possi- 
bly higher hydrates than limonite. Hematite includes magne- 
tite. The diagram is based on determinations made on samples 
of material taken at approximately uniform intervals from the 
serpentine rock upward through the ore to the surface. To 
avoid misinterpretation of the diagram, it may be noted that 
in the rock and ore the several minerals and pore-spaces arc, 
of course, intricately mixed, not separate as in the diagram. 
The serpentine rock (below) consists dorninately of the mineral 
serpentine, which is hydrous silicate of magnesia and iron. 
Kaolin, and chromium-, nickel-, and cobalt-minerals are subordi- 
nate constituents. In approaching the ore, pore-space develops 
because of leaching of silica and magnesia from the serjiontino ; 
and limonite appears because of oxidation of the iron of tlie 
serpentine. A small amount of quartz appears because tbe 
silica derived from the breakiug-down of the serpentine is not 
all immediately carried away. Coming to the ore nearest the 
serpentine, it appears that the serpentine has been entirely de- 
stroyed, and the proportion of limonite and pore-space increased. 
Quartz is entirely lost. Following the ore towards the surface, 
the most conspicuous change is seen to be the lessening of pore- 
space, thereby increasing the relative volumes of the other con- 
stituents. In the middle of the deposit hematite (and mague- 
tite) begins to appear with the limonite, due to dehydration 
and deoxidation of the limonite, and these minerals increase 
gradually to the top of the deposit, where they are more than 
twice as abundant as limonite. Kaolin towards the surface gives 
way to bauxite, due to the loss of the silica from tlie kaolin. 
Bauxite increases towards the surface. Nickel- and chromium- 
minerals persist through all the alterations of rock and ore, 
affording easily recognizable evidence of derivation of ore from 
the rock. 

6. Consideration of Alterations of Serpentine to Ore in Ttrms of 
Weight — The foregoing discussion of alteration is based on vol- 
umes of minerals and pore-space. If we consider the altera- 
tions in terms of weight of constituents, rather than volume, 
by graphic methods, further significant facts appear. 

The alumina has apparently remained constant, as would be 
expected of this most-insoluble constituent. If lost at all, it 
has been so much less so than the other substances that it may 



IKON-ORES OF CENTRAL AND NORTHEASTERN CUBA. 


95 


serve as a standard against which loss of other constituents 
may bo measured. On this basis, it appears that iron, during 
the alteration of the rock to the ore, and in the lower part of 
the ore-bodies, has been lost as little as alumina; in other 
words, it maintains its proportions with the alumina. Towards 
the top of the ore-body it has been lost relative to the alumina, 
thus increasing the per cent, weight of alumina in the mass. 
In the middle portions of the ore-body iron has actually in- 
creased in proportion to the alumina, due probably to redeposi- 
tion of iron dissolved near the surface. 

Silica is continuously lost throughout the operation, both 
from the breaking-down of the serpentine and from the kaolin 
which alters to bauxite. Kaolin ordinarily holds its silica very 
firmly. Its loss from kaolin is a well-known peculiarity of 
alterations in tropical climates, known as lateritic alterations. 
Absence of any free quartz in the ore distinguishes this deposit 
from many bog ores. Magnesia, readily soluble under surface- 
alterations, has been completely lost and is not found in the 
ore. The combined loss of the silica and the magnesia sub- 
stantially account for the increased proportion of the iron and 
alumina. 

In a typical case 100 lb. of serpentine rock contains approxi- 
mately 1.5 lb. of alumina and 10 lb. of ferrous oxide. When 
the magnesia and silica are removed in solution and the iron 
oxidized, there remain approximately 11.75 lb. of limonite, 3.8 
lb. of bauxite and kaolin, and, at the most, 2 lb. of minor con- 
stituents. This residual of 17.55 lb. contains 7.8 lb., or 44.4 
per cent., of metallic iron, and is an iron-ore. 

2. Textures of the Ores and Serpentine, 

In the change from serpentine to ore above described, large 
pore-space is developed in the ore, due to removal of material 
in solution. This pore-space may or may not be filled with 
free water. The large amount of this pore-space, in some ores 
as high as 80 per cent., is to be explained by the fact that the 
leaching of substances molecularly combined with the iron and 
alumina leaves extremely minute and irregular, though numer- 
ous, pores of such shape and dimensions as to enable the ore 
to stand under its own load. 

Towards the surface pore-space in the ore lessens, due to 
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eeiQontation. of the ore and. the slump accompanying the 
mineral alterations of this zone. 

The iron near the surface also congregates into granules, 
ranging up to 0.5 in. or more in diameter. These seldom extend 
more than 10 or 12 ft. from the surface, beneath which the tex- 
ture is jSne-graiued and soft. Where the surface has been 
undisturbed by erosion, and therefore has been subjected to 
chemical changes for a long time, these granules are likely to 
be large, and they are likely also to be cemented by iron oxide 
into sheet-like deposits from a few inches to several teet in thick- 
ness, locally known as plafichas. The zone of granules is also 
the zone in which hematite and magnetite are developed, and the 
zone containing evidence, both in the nature of the cements and in 
the analyses, of the solution of iron, chromium, nickel, and silica. 
These facts would seem to correlate the formation of these gran- 
ules with the solution going on at the surface. It is to be 
noted that the granules extend to about the depth to which the 
vegetation and roots extend, also that around the roots iion 
has been locally dissolved and reprecipitated as a easing to the 
roots; many of the continuous tube-like holes in the pliotchci 
ores are not improbably root-holes. A reasonable inference 
from these facts, though not an established conclusion, is that 
the decay of vegetation yields organic acids (solvents for iron 
salts) which have been a prime cause in the local solution and 
transfer of the iron. The granular ores seem to follow oven 
minor irregularities of the surface developed since the ore was 
formed, indicating the comparative recency or contempora- 
neity of the process of the formation of the granules. 

3. General Consideration of Alterations. 

The fact is to be emphasized that the above-described ]iro- 
eess of alteration affects all rocks at the earth’s surface, but 
with varying results, depending on the original ingredients 
of the rock and other factors, and that ores in general have 
their principal values developed through these processes. Xioca- 
tion at the surface is essential to the change. It is a breaking- 
down process technically known as katamorphism, a process 
resulting in simplification of mineral composition, elimination 
of part of the constituents through solution, and mechanical dis- 
integration. It is contrasted with a process which goes on far 



lEON-ORES OF CENTRAL AND NORTHEASTERN CUBA. 97 

below the surface, auamorphism, resulting in the development 
of complex from simple mineral compounds and a more com- 
pact physical structure. When a rock is brought to or near the 
surface it is subjected to the chemical and mechanical action of 
air and water. Most minerals of rocks are more or less solu- 
ble in surface-waters, the more-soluble portions being carried 
away and the less-soluble substances remaining. The leasts 
soluble constituents are ferric oxide and alumina-minerals, such 
as bau.xite and kaolin (clay). Silica or sand is also difficultly 
soluble, but is more soluble than iron oxide or kaolin. The 
average igneous rock of the earth contains about 15 per cent, 
of alumina (the distinctive constituent of clay) and S or 4 per 
cent, of iron, and hence the common result of rock-decay at 
the surface is a clayey soil carrying some iron oxide. The ser- 
pentine rock, however, contains a remarkably small amount of 
alumina, in a typical ease 1.5 per cent., and about 10 per cent, 
of ferrous oxide. Therefore, when the soluble constituents, 
magnesia and silica, are removed in solution and the iron oxid- 
ized to ferric oxide, the result is a porous mass of iron oxide 
containing minor amounts of bauxite and kaolin, together with 
small amounts of nickel-, cobalt-, and chromium-minerals; in 
other words, is iron-ore rather than a soil. 

4. Contact of Ore and Serpenti)ie. 

Explorations and mining have seemed to disclose a fairly- 
narrow zone of transition between the serpentine and the ore. 
Yet the evidence of gradation is indisputable. Analyses show 
gradations on both sides of the contact, towards the ore in the 
rock, and towards the rock in the ore. The break at the con- 
tact is less largely in the texture than in the composition, but 
even in the texture there is evidence of gradation. Kesidual 
kernels of the unaltered rock are frequently found in the ore. 
Finally, the irregular nature of the contact, the presence of 
basin-like depressions, and the absence of regular systems of 
erosive channels, are characteristic of residual surfaces from 
weathering in situ. It is really an etched surface of solution. 

A fairly-sharp contact of rock and ore is nowise exceptional 
in residual deposits resting upon their parent rocks. They may 
be noted where residual clay rests upon a granite. More sig- 
nificant, perhaps, is the parallel in the Lake Superior region, 

VOL. XLII. — 7 
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where the ore ■usually rests in sharp contact upon the ferrugi- 
nous cherts and jasper, from which the ores are derived by 
elimination of silica. 

5. Comparison of Mayari and Mesabi Iron- Ores, 
Notwithstanding many dilierenees in form, geological rela- 
tions, mineralogical and chemical composition between the 
Mayari deposits and the Mesabi deposits, they have many 
essential features in common. In both, limonite, hematite, and 
magnetite are present, and in roughly the same proportions. 
Crystalline and earthy varieties are in similar proportions. 
Average content of clay is almost identical. The Mayari de- 
posits contain bauxite in addition ; the Mesabi deposits contain 
quartz. They are both substantially residual products, in place, 
of the alteration of the rocks upon which they rest, though 
their original rocks are of quite different nature. Both were 
necessarily developed at the rock-surface. They are both the 
results of katamorphic processes affecting all surface-rocks. In 
both cases there has been a survival at the surface of insoluble 
substances fittest to withstand a surface-alteration. Both owe 
their economic importance to the fact that iron oxide happens 
to be the substance most permanent under surface-conditions, 
and has therefore accumulated in large deposits at the rock- 
surface through the elimination of other constituents which 
were with them when their alteration process started. In both, 
development of the ore-deposits has been accompanied by de- 
struction of original textures, increase of pore-spaces, minor 
solution and redeposition of the iron, and local cementation 
through this means. In both, the ores are at the surface, and 
the greater dimensions of the deposits are horizontal, making it 
advantageous to mine by a steam-shovel. 

The ores of the two districts differ in that those of the Cuban 
district have undergone a single direct concentration from an 
igneous rock, while those of the Mesabi district are the result 
of similar concentration, in place, of a peculiar type of sediment, 
high in iron, known as an iron formation, which in turn was 
ultimately derived from an igneous rock and has been trans- 
ported to its present position. 

II. The Camaoubt District. 

In the Oamaguey district deposits of iron-ore of commercial 
grade and quantity are well exposed at the surface and in 
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shallow test-pits. They have been penetrated also by hand-drill- 
ingj but detailed results of this work, with analyses, were only 
partly available to us at the time of our visit. Like the Moa and 
Mayari ores, they are mantle-deposits of large surface-area, with 
a thickness ranging up to 15 ft. or more, resting on the surface 
of the serpentine country-rock. Erosion has removed the ore 
and exposed the country-rock in the valleys and on the slopes. 
A large part of the ore averages more than 40 per cent, of iron. 
Downward the grade becomes poorer. In the surface-samples 
limonite and hematite (with magnetite) are about in equal 
quantity. From the surface downward the proportion of limo- 
pite to hematite increases. Phosphorus is for the most part 
above the Bessemer limit. The surface-ores contain about 0.5 
per cent, of nickel and between 1 and 2 per cent, of chromium. 
The economical elimination of the chromium in smelting has 
been demonstrated in the similar Mayari ores. 

The principal impurities are bauxite (and gibbsite), kaolin, 
and free chert. Bauxite increases in importance towards the 
surface, kaolin and chert decrease. In abundance of chert 
fragments these ores contrast with the Mayari and Moa ores. 

The deposits in general consist of irregular fragments and 
pellets of iron oxide in an earthy matrix. In the lower parts of 
the deposits the fragments may reach a diameter of several 
inches up to a foot. Towards the surface they tend to decrease 
in size, and in the zone of the grass-roots the ore is generally of a 
fine, earthy texture. Locally, however, in this upper zone there 
is a development of granules. Directly at the surface in places 
where the ore has not been disturbed by erosion, the granular 
ore has been locally cemented by infiltration of iron salts into 
planohas, or sheet-deposits. Bedding is everywhere absent in 
the ore. 

Towards the surface the ores have undergone some secondary 
alterations, as follows : 

a. The chert gradually disappears. The large fragments of 
chert in the pits become sandy, soft and granular towards the 
surface, due to the leaching of silica, and ultimately almost 
entirely disappear. 

b. Clay gives way to bauxite. 

c. Limonite gives way to hematite and magnetite, as shown 
by analyses and color. 
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d. There is a breaking-down of the coarse fragments of chert 
and boulders of serpentine found in the ore, due to the leach- 
ing of constituents, resulting in fragments and granules of great 
variety of size and shape, in general diminishing in size towards 
the surface, and ultimately reaching an earthy texture. 

Near the surface there is a local and distinct tendency for the 
development of granules from the extremely fine products of 
alteration. This seems to be a constructive process, distin- 
guishing these granules from the large and irregular ones 
derived from the breaking-down of larger fragments beneath 
the surface. 

In the development of the Mayari ores from the serpentine 
there is left a fine, powder-like mass, which is gradually recon- 
structed near the surface into granules. The Oamaguey ores, 
on the other hand, contain large residual masses of chert, giv- 
ing the mass' quite a different texture. Also, boulders of ser- 
pentine in the conglomerate at the base of the limestone, wdiile 
altering to a soft, powdery mass, distinctly retain their outlines, 
as observed in the open pits. Thus the Oamaguey ore has 
decidedly a coarser and more irregular texture than the Mayari 
ore. Where alterations go to an extreme in the Oamaguey 
ores, as they do near the surface, the texture may become as 
fine as in the Mayari ores, but this extreme is reached in a 
much smaller portion of the mass than in the Mayari deposits. 
The reconstruction of the ore into minute granules at the sur- 
face is also less conspicuous in the Oamaguey deposits than in 
the Mayari deposits, for the reason that the granules in the 
Mayari deposits stand out in sharp contrast to a fine-textured 
mass of ore below, while in the Oamaguey deposits they are in 
comparison and likely to be confused with the irregular frag- 
ments of chert and altered serpentine below. 

Mechanical erosion has taken off the top of the ore to differ- 
ent levels. Where erosion has been slight and secondary pro- 
cesses of alteration, especially the leaching of silica, have there- 
fore been allowed to work undisturbed, the grade of the ore is 
likely to be good. Where erosion has been rapid and deep, it 
may have cut down to the parts of the body containing large 
chert masses, exposing them at the surface ; thus producing 
the local differences in character of the ore at the surface. 
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1. Source of Camaguey Deposits. 

The Camaguey deposits have certain features in common 
with the better-developed Mayari deposits on Mpe bay. Both 
are mantle-deposits of somewhat similar mineralogical and 
chemical composition, resting on the surface of serpentine. 
The Mayari deposits have been demonstrated to be residual 
deposits resulting from the alteration of the serpentine in place. 
This would naturally suggest similar origin for the Camaguey 
deposits, yet certain facts suggest a possibly difterent origin, 
which may account for certain significant differences in com- 
position. 

The part of the Camaguey deposits examined covers an area 
of a plateau about 8 miles N-S. by about 10 miles E-W. 
Beneath the deposits is serpentine. To the south of the de- 
posits is a plateau of serpentine from 30 to 60 ft. lower than 
the iron-ore plateau. Erosion has evidently stripped the iron- 
ore from this lower plateau, for residual fragments of iron-ore 
and chert cover the surface of the serpentine plateau. To the 
north the ore-deposits are bounded by overlying Cretaceous (?) 
limestone dipping northward and forming a high, northward- 
facing escarpment. It is apparent that the limestone has at one 
time covered a much wider area than at present, and, indeed, 
has probably covered all of the serpentine and ore area. The 
removal of this limestone may have left residual deposits of 
iron-ore. The alternative explanation is that the iron-ore is 
the direct result of the alteration of the underlying serpentine 
in place. The hypothesis of the derivation of the ore from the 
limestone rather than the serpentine seems to us to be favored 
by the following considerations : 

a. The ore contains abundant and conspicuous chert frag- 
ments, especially near the bottom, which are common in lime- 
stone and which are known to accumulate in the residual 
deposits of limestone decay. Cherts (some of them radiolarian) 
are described by Hayes and Spencer as common in the Cuban 
limestone. The cherts themselves have a banded texture and 
solution -cavities, strongly suggestive of original interbedding 
with carbonates. On the other hand, the serpentine, so far ad 
we observed it, contains no chert which could have yielded the 
chert now seen in the ore. 
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b. The ore is distinctly conglomeratic in texture near the 
bottom and contains large boulder-like masses, now composed 
of iron-ore, which were perhaps originally serpentine boulders 
in a conglomerate at the base of the limestone. 

The nickel- and chromium-content of the Camaguey ores is 
more likely to have been derived from serpentine alteration 
than from limestone alteration, and it is suggested that their 
source may be the abundant altered serpentine boulders in this 
conglomerate. 

c. The ores contain lime and magnesia, which are absent in 
the Mayari ores, known to be derived from the serpentine de- 
posits. If the Camaguey ores are derived from serpentine, 
there is no reason why lime and magnesia should not be here 
also completely absent. 

d. The Camaguey ore is higher in phosphorus than the 
Mayari ores derived from serpentine. High phosphorus is 
characteristic of residual deposits from limestone. The brown 
ores of the United States, largely of this class, illustrate this 
fact. 

e. Iron-ore deposits are common residuals from limestone ; 
in fact, in various parts of Cuba the weathering of limestone 
may be seen to yield red soils containing considerable percent- 
ages of iron. 

It seems to us that the facts yet available do not warrant a 
choice between the two available hypotheses of the source of 
the Camaguey ores. The similarities of the Camaguey to the 
Mayari ores suggest their residual accumulation from the alter- 
ation of serpentine. The differences suggest the original resi- 
dual accumulation of the Camaguey ores from a once-ovcrlyiug 
limestone. If it should ultimately be found that the Camaguey 
ores are residual from limestone rather than serpentine, it fol- 
lows that the lower contact should be the more or less uniform 
one, with regular drainage-channels, of an erosion-surface, upon 
which the limestone was originally deposited. Underground 
explorations have not yet gone far enough to demonstrate this. 
It is entirely possible that along certain deeper main drainage- 
channels the ore may be found to be deeper than the depths now 
known. The Mayari deposits, on the other hand, resulting 
from residual alteration of the serpentine, lack any regularity 
of contact or regular drainage-channels. 
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Occurrence, Origin, and Character of the Surficial Iron- 
Ores of Camaguey and Oriente Provinces, Cuba. 

BY ABTHTO 0. SPENOER, WASHINGTON, D. C. 

(Wilkes-Barre Meeting, June, 1911.) 


Three great deposits of iron-ore, in Camaguey and Oriente 
Provinces, Cuba, are well known to me through careful field-ex- 
aminations executed in the years 1901 and 1907. 

In 1901 I visited the Oubitas iron-ore district, which lies 
about 12 miles distant from the city of Camaguey in a north- 
erly direction, and the Mayari district, which includes the 
Sierra Nipe, lying opposite bTipe bay on the north side of Ori- 
ente Province. In 1907 I again visited the Oubitas district, 
and also made a sojourn of several days in the Moa district, 
where the extensive deposits of iron-ore were observed and 
studied. 

The observations of 1901 were made under the auspices of 
the then Military Governor of Cuba, Gen. Leonard Wood, and 
my conclusions concerning the value of these deposits were 
incorporated in a report.’^ 

The examination of certain denouncements of iron-ore in the 
Moa district in 1907 was made in behalf of iron-masters oper- 
ating in the United States, to whom I reported the existence 
of large amounts of easily-workable limonitic iron-ore, properly 
designated “ brown iron-ore ” in the terminology now current 
among iron-ore producers in the United States. 

In 1908 I published a paper entitled. Three Deposits of Iron 
Ore in Cuba, outlining the occurrence and origin of the surfi- 
cial ores existing in the Cubitas, Mayari, and Moa districts.* 


‘ A Oeologieal Beeormoisaame of Ouha, by C. Willard Hayes, T. Wayland 
Vaughan, and Arthur 0. Spencer, printed as a part of the report of the Military 
Governor of Cuba for the year 1901, vol. i. 

* Btdlelm No. 310, U. 8. Geological Smvey, pp. 318 to 829 (1908). 
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OOCUEEENCB. 

The vast tonnages of iron-ore existing in the Oubitas, Mayari, 
and Moa districts, in the island of Cuba, occupy the tops of flat 
or gently-sloping plateaus. The ores constitute surficial man- 
tles over extensive areas of these plateaus, and in each district 
the deposits are underlain by serpentine rock. Within areas hav- 
ing an extent, in each district, of several square miles, the mantles 
of ore are essentially continuous over the surface of the groixnd, 
excepting where they have been eroded by running streams. 

The manner in which these deposits of iron-ore occur, their 
attitude with respect to the serpentine rock upon which they- 
lie, and the topographic features of the ore-fields, considered 
in connection with a comparison of the chemical composition 
of the ores with that of the serpentine, point definitely and un- 
mistakably to the manner in which the ores in question have 
been formed. 

In considering the surficial iron-ores of Cuba, it is of interest 
to note that iron-ores occur in very similar relationship in vari- 
ous parts of the world. Indeed, such ores have long been 
known, and in many places have been used as a source of pig- 
iron. 

In the United States, iron-ores of precisely similar composi- 
tion forming surface-deposits over serpentine rock exist at 
Olealum, Wash., and at Richmond, Staten Island, near IS’ew 
York City. The Staten Island deposits, though now practically 
exhausted, were formerly mined and smelted. The Cleal um ores 
occur in a region in which smelting would not be profitable 
because no cheap fuel is available for this purpose. 

Similar ores in the same relationship to serpentine rock occur 
also on the island of RTew Caledonia,® in Western Australia,^ 
and in several localities adjacent to the Mediterranean sea. 

Deep and extensive surface-mantles of iron-ore occurring in 
India closely resemble the Cuban ores here under discussion 
in physical character and in the fact that they occupy elevated 
plains or plateaus, though in India the underlying rock is basalt 
and not serpentine. These deposits have been mined and 


* Ef Glasser, Annalm dea Mmesj Tenth Series, vol. v., pp. Ill to 125 (1904), 

* A. Gibb Maitland, Arniual Progress Report of the Geological Survey^ Perth.^ 
W. A., p. 22 (1905). 
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smelted for hundreds of years by the natives of India, and are 
now reported as being developed under government auspices. 

From the facts above stated, it is evident that ores of the 
nature of those occurring in the Cubitas, Mayari, and Moa dis- 
tricts have been long established among the different varieties 
of iron-ores, and cannot be considered properly under any other 
classification. 

Origin. 

The manner in which the surficial iron-ores of Cuba were 
formed was first stated by me in a paper entitled. Three De- 
posits of Iron Ore in Cuba,® printed in 1908. The mode of origin 
which I have outlined is in accord with the findings of the 
Government Geologist of India, in regard to the origin of 
surficial ores of that country, which are described as high- 
level laterite and carry less iron and more alumina than the 
Cuban residual ores, but are undoubtedly of similar origin ; 
also in accord with the conclusions of T. Sterry Hunt ® on the 
origin of the Staten Island surficial ores, and again essentially 
in accord with Bailey Willis and George Otis Smith on the 
origin of the iron-ores at Clealum, Wash. 

My conclusions concerning the origin of the surficial iron- 
ores of Cuba may be briefly stated as follows : These ores have 
been formed as a result of progressive and long-continued 
decay of serpentine rock under the dissolving and corroding 
action of atmospheric waters charged with carbonic acid gas. 
The ores are thus properly termed residual ores in the sense 
that they have originated in situ through the gradual wasting 
of the serpentine rock, the removal of its more easily attacked 
constituents, such as magnesia and silica, by a process of solu- 
tion, and the consequent setting free of oxides of metals such 
as those of iron and aluminum, which are well known to be 
practically insoluble in reagents ordinarily found in nature. 

The parentage of the surficial ores of Cuba in serpentine 
rocks like those upon which they lie is conclusively established 
by the presence of small percentages of chromium, nickel,’ and 
cobalt in the ores. These metals are characteristic constitu- 


® BtUletin No, 340, U, S. Geological Survey (1908). 

® MiTiercd Physiology cmd Physiography^ pp. 268 to 269 (1886). 
^ Trans, f xxx,, 356 to 366 (1900). 



106 SURIICIAL IRON-ORBS OF CAMAGUEY AND ORIBNTB, CUBA. 


ents of serpentine rocks, as shown by analyses of serpentines 
collected in various parts of the world. Their presence in ap- 
preciable amounts has been established in the serpentines of 
Cuba and in similar rocks lying beneath the previously men- 
tioned Staten Island and Clealum ores. The residual ores of 
these localities carry chromium and nickel as do those of Cuba. 

I am informed by G. M. Colvocoresses that surficial iron- 
ores occurring in Hew Caledonia which carry small amounts 
of chromium, nickel, and cobalt, were formed in exactly the 
manner which I outlined in my 1908 report. 

The ores in question cannot be otherwise classified than as 
residual ores. That is, they represent the insoluble residue left 
by otherwise-complete dissolution of serpentine rock under the 
action of atmospheric waters. This mode of origin has been 
fully discussed and accepted by C. M. "Weld.* They are to be 
set apart from that other class of surficial iron-ores known as 
bog ores, since the well-known origin of the latter is very dif- 
ferent. Bog iron-ores are deposited in swamps and marshes 
from dilute solutions in which the solvent is ordinarily either 
an organic acid derived from decaying vegetation, or sulphuric 
acid produced by oxidization of iron pyrites. The precipita- 
tion from such solutions is known to be effected by micro-or- 
ganisms which inhabit the waters of swamps and marshes, or 
by carbonization under reducing conditions in the presence of 
decaying organic matter. Residual ores like those of Cuba and 
India are deposited in situ, while bog ores, which are character- 
istically of very limited extent, are mainly deposited at some 
distance from the source of the contributory iron, which in- 
volves transportation to the place of deposition in a dissolved 
condition. The residual ores of Cuba were formed in Tertiary 
time, in large part, and perhaps entirely, prior to the deposition 
of the Lafayette (Pliocene) formation of the Atlantic coastal 
plain. During the time of their accumulation the brown iron- 
ores of Alabama, Virginia, Pennsylvania, and Hew York were 
being deposited, many occurrences of which are likewise rec- 
ognized by geologists as being residual ores.® 


* The Residual BroTO Iron-Ores of Cuba, ZVons., xl., 299 to 312 (1910). 

’ Edwin 0. Eckel, Bulletin No. 400, U. 8. Geological Swrveg, pp. 145 to 150 
(1910). 
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Character. 

The character of the residual iron-ores of Cuba is in general 
similar to that of residual iron-ores formed during the same 
geologic period in the eastern part of the United States, and in 
particular almost precisely like the character of certain iron- 
ores occurring at Richmond, Staten Island, U. Y. The Cuban 
ores in question consist in large part of extremely hard round 
pellets and irregular nodules, often nearly black in color. The 
pellets vary in size from that of a pin-head up to that of a 
cherry, while the nodules range up to a diameter of several 
inches. Both are commonly imbedded in earthy material, 
which ordinarily has essentially the same composition as the 
hard portions of the aggregate and, like them, is iron-ore. In 
many places hard ore free from matrix of earth forms solid 
layers, evidently of very considerable extent. I have noted 
such layers 4 m. thick in the Moa district. 

Analysis shows the presence of water of constitution in 
these ores, that is, combined water which is not expelled by 
heating the ore to a temperature of 100° 0. Such analyses as 
have been made for me indicate that the amount of this com- 
bined water is less than that required by the mineral species 
limonite, and very considerably less than this requirement, if 
the rather high alumina^content of the ores be considered as 
present in the form of the hydrated oxide corresponding to the 
ordinary ore of alumina, bauxite. The inference follows that 
these ores carry part of their iron in the form of unhydrated 
ferric oxide. Not only this, but part of the ore in its natural 
undried condition possesses the quality of being drawn by a 
magnet, a characteristic independently distinguishing it from 
true limonite. Certain samples of shot or pellet ore which I 
collected in the Mayari district contain approximately 5 per 
cent, of material which may be separated by means of an ordi- 
nary pocket magnet. A sample of such ore tested at the Newark 
works of the Wetherill Separating Co., in 1902, was found to 
contain no non-magnetic material. The ore was crushed to 
pass 20 mesh, and with successive strengths of field corres- 
ponding to currents of 1, 2, 3, and 4 amperes, yielded four pro- 
ducts amounting respectively to 20, 33.3, 38.8, and 13.3 per 
cent, of the material treated. 
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Considered from all points of view, the Cuban residual ores 
must be assigned to the limonitic class, but they do not strictly 
conform to any member of the limonite group and it has been 
found convenient to call them brown ores, to cover the imprac- 
ticability of any distinctive varietal name. Attention is called 
to their dissimilarity with the variety of limonite known as bog 
ore. In addition to the fact that their mode of origin was 
entirely difierent, they show a uniformly low tenor of phos- 
phorus, which separates them absolutely from bog ores, which 
are characteristically high in phosphorus-content. 

The foregoing discussion relates essentially to the upper por- 
tion of the ferruginous mantles in the three districts which I 
have had opportunity to visit and study. My characterization 
of the Cubitas, Mayari, and Moa ores as brown ores was made 
from general observations, extended over considerable areas in 
each field, but the conditions under which my examinations 
were made did not admit the making of excavations. For this 
reason, I have not been able to indicate completely from per- 
sonal observations the progressive change in physical character 
from the surface of the ground downward through the ferrugi- 
nous residuum to the undecomposed serpentine rock. The de- 
velopment-work carried on by the Spanish-American Iron Co. 
in the Mayari district is reported to have shown that the upper 
part of the ore-bed is underlain in many places by red or yellow 
ore of a clay-like consistency. The technical point has arisen 
whether or not this material, and the brown ore occurring as 
lumps or pellets, can be mined independently of one another. 
Upon this question I may say that during parts of two days 
(1901) spent in traversing the Sierra Hipe plateau (Mayari dis- 
trict) I found no exposures of clay-like ore, and made the note 
that the brown ore formed a practically continuous mantle over 
the plateau in all parts visited. The thickness of the ore was 
judged to vary from 3 to 16 ft. over an area of many square 
miles. 

In traversing the entire ore-field of the Cubitas district on. 
two separate occasions, I did not observe any exposures of clay 
ore. In my detailed examination of the Moa district I saw 
such material at only one locality. This was at a shaft judged 
to he about 50 ft. deep. At this shaft the surface of the ground 
is covered by the usual brown ore of the district. From these- 
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observations it is my best judgment that such clay ore as may 
exist in the three districts here under consideration, certainly 
lies beneath the brown ore and cannot be mined without dis- 
turbing the latter. As a matter of economy, the two sorts of 
ore should be mined together, 

SUMMAEY. 

The ferruginous deposits of the Cubitas, Mayari, and Moa 
districts, Cuba, occur as surhcial mantles covering extensive 
plateau-like areas underlain by serpentine rock. The material 
of these deposits is brown iron-ore of residual origin formed in 
place by the chemical disintegration of the serpentine. The ores 
are limonitic in character, but are not true limonite, since they 
carry a certain amount of iron oxide uncombined with water. 
They are not bog ores, because their mode of origin and low 
tenor of phosphorus preclude this classification. I have pre- 
ferred to call the ores simply brown ores. In localities where 
clay-like ore exists, it lies beneath the brown ore and cannot 
be mined without disturbing the latter. 


The Mayari and Moa Iron-Ore Deposits in Cuba. 

BY C WILLARD HAYES, WASHINGTON, D, G, 

(Wilkes-Barre Meeting, June, 1911.) 

The determination of the question whether the Mayari and 
Moa mining-claims of the Spanish-Ameriean Iron Co. have 
been rightly denounced under the third section of the law of 
■bases rests on the findings in the following questions of fact : 

1. J!s the mineral an iron-ore ? 

2. Is the iron-ore a hog iron-ore ? 

3. Is the iron-ore ocher ? 

4. If ocher is present, can it be mined separately and inde- 
■pendently of the iron-ore ? 

1. Is THE Minesai an Iron-Oeb ? 

Since the material is shown by a large number of analyses to 
•contain from 41 to 50 per cent, of metallie iron and less than 
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0.02 per cent, of phospliorus, and since it has been and is being 
actually used on a commercial scale for the production of iron 
and steel, it must be classed as an iron-ore. 

2. Is THE Iron-Obb a Boo Iron-Ore? 

Bog iron-ore has certain invariable characteristics of chemical 
composition, physical appearance, geological relations, and 
origin by which it can always be recognized with certainty. 

In chemical composition, it is the hydrated sesquioxide of 
iron, limonite, or a mixture of limonite and other closely-re- 
lated iron hydrates. It never contains the anhydrous oxides — 
hematite or magnetite ; is never magnetic, and never contains 
either nickel, chromium, or cobalt oxides. On the other hand, 
it is invariably high in phosphorus-content. 

In physical appearance and texture it is a yellow or reddish- 
brown amorphous spongy material, and always contains water- 
worn sand-grains, silt, clay, and plant-remains. 

In its geological relations it is wholly independent of the rock 
on which it rests, and the character of the underlying rocks 
has no influence whatever on the physical character and min- 
eralogical composition of the ore. 

In origin it depends on (1) the solution of iron-minerals 
widely disseminated through the rocks, with the formation of 
ferrous salts with organic acids ; (2) the transportation of these 
ferrous salts by running water; (3) their collection in swamps 
or ponds; and (4) the precipitation of the ferric hydrate through 
the oxidation of the easily decomposed ferrous compounds. 

In all iron-ore deposits except magnetite there is more or less 
solution of the iron by percolating acidulated waters, but the 
iron is almost immediately redeposited in the same locality from 
which it was derived, frequently cementing into a solid mass 
the other portions of the same deposit. Springs issuing from 
iron-ore deposits generally hold a large amount of iron in solu- 
tion, and this is deposited at the point of issue. Such solution 
and redeposition of a pre-existing iron-ore deposit does not form 
bog ore. 

The Mayari and Moa iron-ores differ radically in all of these 
essential characteristics, namely : They consist of a mixture of 
hydrated iron oxide, limonite, with hydrated aluminum oxide. 
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bauxite, and the oxides of nickel, chromium, and cobalt, and are 
to some extent magnetic. 

In physical appearance the ore is a reddish-yellow powder in 
which are imbedded, most abundantly in the upper portion, 
fine, shot-like concretions of darker reddish-brown or black 
color. These concretions are in places concentrated into a more 
or less compact mass with distinctly oolitic structure. 

In its geological relations the ore is distinctly related to the 
rock on which it rests in the form of a mantle. It is confined 
exclusively to areas underlain by a particular type of altered 
igneous rock — serpentine. It is never found resting on lime- 
stones, sandstones, or shales, which occur abundantly in the 
eastern provinces of Cuba. 

In its origin the Mayari and Moa iron-ore is undoubtedly de- 
rived directly from the underlying serpentine by the process of 
weathering, through which certain of the constituents of the 
rock have been removed in solution and the remaining con- 
stituents have been oxidized, hydrated, and concentrated prac- 
tically in situ. The genetic relation between the underlying 
rock and the overlying ore is shown by the analyses of rock 
and ore given in Table I. 


Table I. — Analyses of Mayari IrcmrOre and Underlying Rock. 



S 1 O 2 . 

AI 2 O 3 

Pe. 

i 

Mg. 

Cr, Ni, Co. 

Ratio 

Fe 

AlaOa. 

A. Eock underlying i r o n-o r e I 
(average of 3 analyses) j 

Per 

Cent. 

39.60 

Per 

Cent. 

1.61 

1 Per 
Cent. 

7.04 

Per 

Cent. 

20.07 

Per 

Cent. 

1.50 

4.37 

B. Mayari iron-ore (average! 
of 69 analyses) j 

3.72 

9.63 

47.60 

none. 

2.96 

4,83 

0. Eatio between constituents in \ 
the rock and in the ore j 

0.094 

6.98 

6.76 


1.97 



It will be noted that the ore contains no constituent which is 
not also present in the rock; that the change from rock to ore 
consists in the complete removal of the magnesium, the nearly- 
complete removal of the silica, and the partial removal of the 
nickel, chromium, and cobalt, while the iron and alumina have 
retained nearly the same ratio in the ore as in the original rock. 
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The above comparison proves conclusively that the Mayari 
and Moa iron-ore is not a bog iron-ore, and therefore is cor- 
rectly placed in the third section. 

3. Is THE Matari and Moa Iron-Orb Ocher? 

Yellow ocher, which is the only kind that requires consider- 
ation here, has no definite, fixed chemical and mineralogical 
composition and hence cannot be defined with scientific exact- 
ness. Its definition is commercial rather than chemical or min- 
eralogical, but the name can be applied only to materials having 
essentially the same chemical and mineralogical composition as 
the well-recognized commercial ochers. It cannot be applied 
to material of radically-different composition, even though such 
material might possibly be used as a substitute for ordinary 
ocher. 

The essential constituents of yellow ocher are hydrated ferric 
oxide (limonite) and clay (aluminum silicate). Since the clay 
is invariably present in all commercial ochers, even the best 
grades, it must be considered an essential constituent and not 
an accidental impurity. 

Table II. indicates the wide range in composition of commer- 
cial yellow ocher. 


Table II . — Analyses of Gommerdal Yellow Ocher. 

Locality and Authority. FesOs AlsO,. SiOs. MnO^. HjO. j 

I (Clay). 


Per 

Cent 

1 Cartersville, Ga., Watson, \ go 43 

av. 8 analyses / 

2 East Whately, Mass.,\ gg 
Shepard, av 3 analyses.. / 

3 Cartersville. Ga., Merrill 65.84 

4 Keeffletown, Eockingham 1 ko oq 

Co., Va., Campbell / 

6 Northampton Co., Pa., \ 42 45 

6 Marksville, Page Co., Va... 39.00 

7 Hancock, Pa., Merrill 36.67 

8 Warren Co , Va., McCreath, 34.00 

9Topton, Pa., Stoddard 17.49 

10 Montgomery Co., Ala., \ 57 

Merrill j 

11 Breiningsville, Pa., Merrill, 9.27 


Per Per Per Per 1 Per Per 
Cent. Cent, Cent. Cent. { Cent. | Cent. 

7.05 16.69 1.09 9.84 j 15.36 i 8.30 

I ; 

4.87 26.67 11.83 1 10.61 | 21.26 

12.00 i 32.20 I 

6.35 i 40.22 ! 

I I 

11.85 [ 30.58 I 

16.00 33.00 11.50 ‘ 32.70 16..30 

10 . 60 , 60.00 

16.51 81.64 6.20 8.87 1 29.46 16.70 

18.66 55.50 8.35 40.67 3^48 

7.40 32.20 

17.40 60.53 6.51 20.21 49.69 
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From Table II. it is seen that the content of ferric oxide in 
yellow ocher varies from a maximum of 63.43 down to 9.27 per 
cent. ; that the combined silicate of aluminum, that is, clay, 
varies from a minimum of 10.61 up to 50 per cent., and that 
there is generally an excess of free or uneombined silica. 

In order to attbrd a basis for comparison of commercial 
yellow ocher and the Mayari and Moa iron-ores, Table III. is 
presented. 


Table III. — Analyses of Mayari and Moa Iron-Ore. 



Depth 

Analyses 

Aveiaged 

Fe. 

! FeoOj 

> 

S1O2 

AUOi 

Ri, Cr, 
Co. 

P. 

Comb 

HoO. 

Excess 

AI0O3. 


Feet. 

No 

Per 
Cent 1 

Per 

<lent. 

Per 

Cent 

Per 

Cent. 

Per 

Cent 

Per 

Cent. 

Per 

Cent 

Per 

Cent. 

Mayari pit e5 

0-19 

19 

45.67 i 

65 31 

6.26 

10.64 

2.80 

0.008 

11.-59 

5.33 

Mayari pit X 

0-21 

21 

48.01 

68.65 

2.35 

9.18 

3.23 

0.010 

13.30 

7.18 

Mayari pit 8 

0-19 

19 

49.12 

70.24 

2 56 

1 9.06 

2.82 

0.007 

12.01 i 

6.88 

Moa F., 1906.... 

0-36 

7 

41.27 

59.02 

3.01 

14.57 

1.91 

0.008 


12.01 

Moa H., 1906.. 

0-16 

4 

41.10 

58.77 

5 64 

12.04 

1.79 

0.011 


7.25 

Moa I. , 1906 

0-11 

3 

44.46 

63.58 

5.53 

13.41 I 

1.59 

0.012 


; 8.71 

Moa F. 1,1906,. 

0-24 

5 

44.73 

63 96 

4.04 

13.46 ! 

2.01 

0.005 

1 

10.03 

Moa Gr. 1, 1906.. 

0-48 

7 

41.35 

63 42 

2 23 

14.70 ’ 

1.51 

0.006 


12.81 

MoaF.5, J906.. 

0-24 

6 1 

45.16 

64 57 

3.09 

12.07 1 

1 1.45 

0.008 


9.44 

Moa F. 6, 1906.. 

, ( 1 — 37 

7 

48.23 

68.97 

1.97 

9.43 

, 1.52 

1 0.010 

! 

7.76 

Moa G. G, 1906.. 

; 0-20 

6 

45.48 

65.04 

3.33 

11.68 

1.40 

0.007 

i 

8.75 

Moa K. 6, 1906.. 

1 0-24 

5 

44.65 

63.84 

3.44 

10.68 

1.53 

i 0.011 


7.74 

Moa E. 6, 1906.. 

0-12 

a 

46.22 

66.09 

3,73 

12.23 

1.36 

0.011 

1 i 

9.06 


Table III. shows that the content of ferric oxide, Fep.^, in 
the Mayari and Moa iron-ore varies from a minimum of 58.77 
up to and beyond 70 per cent. By comparison with the analy- 
ses of ocher it is seen that ocher from only a single locality, 
Cartersville, Ga., contains as much ferric oxide (Fe203) as the 
lowest-grade ore from Mayari and Moa. All of the ochers from 
other localities contain less iron than the minimum permissible 
in an iron-ore. 

It is further noted that the Mayari-Moa iron-ores contain alu- 
mina, AlgOg, in excess of the amount required to combine with 
the silica, SiOg, present to form clay, Al^Oa, 2 SiO^. This ex- 
cess of alumina varies from 5.33 to 12,81 percent, audit is un- 
doubtedly present as the mineral bauxite, having the empirical 
formula AI2O3 (Fe^Oj,, SiO^, HgO), The Mayari-Moa ores 
must therefore be considered as made up of an intimate mix- 
ture of : 

VOIi. XLII.--8 
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(1) limonite, Fe^Oj, H 2 O ; 

(2) bauxite, Al^Og (Fe^Oj, SiO^, HjO); 

(3) chromite, FeOr^O^, and some undetermined compound of 
nickel and cobalt. 

It is evident from the above comparison that commercial 
yellow ochers and the Mayari-Moa iron-ores are entirely dis- 
tinct chemically and mineralogically and radically unlike. 

4. Ie Ocher is Present, Can It be Mined Separately and 
Independently oe the Ieon-Orb? 

The iron-ore occurs at Mayari and Moa in the form of a 
mantle or blanket overlying the serpentine, from which it has 
been derived by the process of rock-weathering. It varies in 
thickness from a few inches to 50 ft. or more, this variation de- 
pending upon the varying rate at which the processes of rock- 
weathering have acted, but more directly on the varying rate 
at which the products of alteration have been removed by sur- 
face-erosion. The variation with depth consists chiefly in the 
decrease downward in proportion of concretionary “ shot” ore 
to the fine pulverulent ore. The material, however, is a com- 
mercial iron-ore from the upper surface of the deposit down to 
the surface of the unaltered rock. There is no over-burden, and 
no gangue which must be separated in mining the ore. 

It has been shown above that the ore is not ocher, but if it 
should be demonstrated that some portions of the deposits 
might be utilized for the same purposes for which yellow ocher 
is used, the analyseu show that these very portions are the ones 
most valuable as iron-ore. Hence the utilization of the de- 
posits as a substitute for ocher precludes their utilization to that 
extent as iron-ore. 

Yellow ocher is used in the arts for two purposes chiefly: as 
a filler for oil-cloth and as a pigment For these purposes, after 
-mining, it is subjected to an expensive process of washing, by 
which all sand and other objectionable ingredients are romove<l, 
leaving in the prepared material only iron oxide and clay. 
This preparation for market is the most important clement in 
its cost. Independently of cost the market for ocher is very 
limited, as shown by Table lY. 
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Table IV . — Production of Ocher and Iron-Ore in the 
United States. 



j Ocher. 

Iron>Ore 

1904 

1 Lonq Tons. 
16,826 

Long Tons 
27,644,330 

1905 

13,402 

42,526,133 

1906 

15,482 

47,749,728 

]907 

16,971 

51,720,619 

1908 

17,019 

35,983,336 

I 


For the five years, 1904-1908, there was mined in the United 
States 2,580 tons of iron-ore for each ton of ocher. Since the 
production of ocher was determined by the demand for use in 
the arts rather than by any limitation of the deposits from 
which it was derived, it is evident that to secure the ocher 
market Cuban material would have to displace that from some 
other source. Even if the entire market in the United States 
could be secured and supplied by the Cuban deposits, it would 
require hut a small portion of the yield which these deposits 
are capable of producing if the material continues to be used as 
an iron-ore. Moreover, the demand is not sufficient to warrant 
the building and maintenance of railroads, docks, and steam- 
ship-lines merely for the ocher trade, and without these appli- 
ances the expense of mining, preparing, and transporting the 
ocher to market would be so great as to be prohibitive in com- 
petition with deposits more favorably located with reference to 
transportation-facilities and markets. 

The conclusion appears necessary, therefore, that even if a 
portion of the material in the Mayari-Moa iron-ore deposits 
might be substituted for yellow ocher, it could not be mined 
separately and independently of the iron-ore, and it could not 
be mined at a profit exclusively as a substitute for ocher. 



116 BROWN IRON-ORBS OF CAMAGUEY AND MOA, CUBA. 


Characteristics and Origin of the Brown Iron-Ores of 
Camaguey and Moa, Cuba. 

BY WILLARD L. CUMINGS * AND BENJAMIN L. MILLER, t SOUTH 
BETHLEHEM, PA. 

(Wilkes-Barre Meeting, June, 1911 ) 

I The Oamaguey Deposits. 

1. Location, 

The Oamaguey brown iron-ore deposit covers the top of San 
Felipe HU, the nearest point of which lies 14 miles NW. ot 
the city of Camaguey. While there are several low flat-topped 
hills in the vicinity covered with a more or less continuous 
mantle of browji iron-ore, the deposit of San Felipe hill is the 
only one of any size and importance, and the name “ San 
Felipe district is proposed for the region. 

The deposit extends in a hTW-SE. direction for a distance 
of about 10 miles, with an average width of 5 miles. The 
location is shown in Fig. 1, a sketch-map of the eastern part 
of Cuba. Fig. 2 is a map of the San Felipe district. 

2. Description, 

The district is mentioned by Spencer,^ who says : 

The Oubitas iron-ore fields are situated from 12 to lo miles nortli of Cama- 
guey City, in the province of Camaguey Within an area measuring 

roughly 10 miles east and west and 4 miles north and south, there arc several fiat- 
topped mesas rising 300 to 400 ft. above the level of an almost featureless x)Iain 
which extends for many miles in all directions except toward the north.'’ 

With the exception of the discrepancy in his statements as 
to the distance from Camaguey and the area of the hill, which 
is over 50 sq. miles, his description is a very good one. 

Eemp^ has the following to say of ores in Camaguey 
Province : 

* Greologist, Bethlehem Steel Co. 

t Professor of Geology, Lehigh University. 

^ JBulleim M. S40, U, S, Geologiecd Survey^ p. 324 (1908). 

® The Iron Ore JResources of the World, printed by the Eleventh International 
Geological Congress, vol. ii., p. 795 (1910). 
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Fig. 2.— Sketoh-Mab op the San Felipe Ieon-Oee Disteict, Camagttey, 

Cuba. 
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“Similar surface materials [to those of Moa and Mayari] have been tested at 
Cubitas in Camaguey province, but extended borings failed to show anything 
richer than 30 per cent, in iron.” 

Since Dr. Spencer referred to this district as “ the Cubitas 
field,” one would suppose that Kemp refers to the same de- 
posit. As far as we are aware, however, there is no definite 
locality known as Cubitas, and, as will be shown further on, 
the iron-content he mentions is about two-thirds of what San 
Felipe ores show. Probably he refers to some point in the 
Cubitas mountains, where some exploration has been done in 
the lean-ore mantle overlying the limestones. This occui’rence 
will also be referred to later. 

3. Tomography. 

The topographic features of San Felipe are extremely sim- 
ple. Barometer-readings at Pontezuela river, south of San 
Felipe hill, show elevation of 190 ft. above sea-level, while 
the whole top of the hill varies from 450 to 500 ft. While the 
south and east sides are quite steep, the NW. part of the hill 
has gradual slopes, thus affording an easy ascent for a railway. 
Korth of the hill is the valley of the Jiguey river, and beyond 
this is the escarpment of the Cubitas mountains facing south. 
San Felipe hill and almost all of the surrounding country, o.vcept 
the limestone-areas of the Cubitas mountains, are covered by 
small stunted palms, indicative of poor soil. There are, how'- 
ever, considerable detached areas, called monies, which sup- 
port the dense growth of small timber common to Cuba. 

4. Geology. ' 

Like the ores at Moa and Mayari, the San Felipe ores occur 
as a mantle on serpentine or altered peridotite. It is probable 
that the area of serpentine near Camaguey is very large in- 
deed. A few miles north of Camaguey the peridotite and 
occasional pebbles and boulders of the iron-ore are noticed. 
The country-rock is also serpentine for several miles along the 
line of the Puerte Principe & Keuvitas railroad. We are in- 
formed by E. L. Luaces, of Camaguey, that some years ago a 
deep well put down in Camaguey passed through several hun- 
dred feet of peridotite and then entered granite. On the north 
the serpentine is not seen beyond the Jiguey river, and to the 



BROWN IRON-ORBS OF CAMAGUEF AND MOA, OtlBA. 119 


■west it disappears about half way to the John Fritz mine, a 
deposit of magnetic hematite located 22 km. west of San Felipe 
and which occurs in diorites and syenites similar to the mines 
at Santiago. 

The serpentine diflers in no essential respect from that at 
Moa. On the lower slopes of the hills, where erosion has re- 
moved the soft decomposition-products, and along streams, it is 
fresh and unaltered and the large crystals of pyroxene show 
plainly in some places. The only product of alteration that is 
out of the ordinary is the large amount of chert, which is in 
the form of fragments and which is especially noticeable on the 
surrounding hills, where the iron-ore undoubtedly present at 
one time has subsequently been removed by erosion. Thus, 
on Aqueduct hill, there is very little ore to be seen, but the 
rough surface is covered with a mixture of chert and serpen- 
tine that in weathering has formed rough sharp projections 
that make traveling very difficult. Chert of similar character 
has been noted in many other regions where peridotite has 
been altered to serpentine. 

North of San Felipe, the contact between the serpentine and 
the Triassic limestone is very sharp and apparently follows the 
course of the Jiguey river. The limestone is a typical massive 
white limestone and presents few good exposures where the dip 
can be determined. However, in a gorge north of Limones, 
the dip seems to be about 60° south, indicating the possibility 
that the limestone dips under the serpentine. 

The limestone forms the south-facing escarpment of the 
Cubitas mountains. From the top of the escarpment the coun- 
try has a gradual northerly slope to sea-level. 

Over the whole Cubitas mountain limestone-area there is 
more or less red lean iron-ore somewhat similar in appearance 
to the San Felipe ore. There is, however, very little, if any, 
hard ore, and the occurrence of shot ore is rare. A sample of 
this ore from 3 km. east and 2 km. north of Banoa gave the 
following analysis: Fe, 84.57; Mn, 0.86; P, 0.065; S, 0.029; 
SiOj, 12.11; Ni, 0.46; Cr, 1.33; loss on ignition, 8.77 per 
cent. 

This lean-ore mantle is not absolutely continuous, and occa- 
sionally one may ride for a considerable distance over areas of 
exposed limestone. At one place between Banoa and La Gloria 
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there is an area where the weathering of this rock has produced 
curious forms. On either side of the trail are domes, spires, 
and tablets of various shapes, rising to heights of from 8 to 12 
ft., and between them are bowl-shaped holes of solution, some 
of which are several feet in depth. 

The mantle of lean iron-ore which overlies the limestone dif- 
fers from either the San Felipe or Moa ores only in being lower 
in iron-content, and more pulverulent in character. In appear- 
ance it is simply a very red soil, and that it is fertile is shown 
by the abundant forest-growth in the Oubitas mountains. Its 
analysis shows that it is chemically similar to the ores overly- 
ing and derived from the serpentine in that it contains a large 
amount of alumina and both chromium and nickel. It is ex- 
tremely improbable that the ore owes its origin entirely to the 
residual decay of the limestones, and we believe that, notwith- 
standing its existence as a mantle on limestone, its origin is 
only to be explained by derivation from the serpentine origi- 
nally. There are indications that the Oubitas mountain escarp- 
ment was formed by a fault that is now followed by the Jiguey 
river. 

5. Characteristics of the Ore. 

Practically every one of the mesas in the San Felipe district 
contains a mantle of brown ore, and principally at an elevation 
of from 400 to 500 ft. above sea-level. On the smaller hills, 
however, erosion has proceeded so far that the ore is nearly all 
removed. In different parts of the plain, which has an eleva- 
tion of from 150 to 250 ft. above sea-level, there is some ore 
and some mining-denouncements have been made, but the 
ore on these flats, or sabanaSy is very shallow, and outcrops of 
serpentine appear at frequent intervals. 

On the San Felipe hill there is a great deal of hard ore simi- 
lar to that on the beach at Moa, and in places the boulders are 
of enormous size, as shown in Figs. 3 and 4. Over other 
areas, especially the wooded ones, there is no float ore, and the 
presence of the ore-deposit is only revealed by digging through 
the soil and vegetable matter, which is generally only a few 
inches deep. Fig. 5 illustrates the flat character of San Felipe 
hill, and Fig. 6 is a view of an ore-pit, showing the partly-dis- 
integrated character of the surface-ore. An idealized section 
of the ore-mantle, showing average depths, is shown in Fig. 7- 





Fig. 3. — Boulders of Ijror-Ore on the Northeast Side of San . Felipe 

Hill. 


Fig. 4. — Boulders of Iron-Ore on the Northeast Side of San Felipe 

Hill, 








■Pit in Centeb of San Felipe Hill, Showing Partly- 
Disintegrated Character of Surface-Ore. 
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The greatest difference between San Felipe and Moa and 
Mayari is the coarse nature of the disintegrated capping at the 
first-mentioned locality and the frequent presence of hard ore 
below. Thus, at San Felipe, some pits can be dug 30 ft. with- 
out the use of dynamite, while others can he dug only a few feet 
before the hard layer, necessitating blasting, is encountered, 
and in still other areas the hard ore is found immediately under 
the grass-roots. In no case has it been found possible to ex- 



Fig. 7. — Ideal Section- of Test-Pit, San Felipe District. 


plore with hand-augers, as was done at Moa and Mayari, as the 
auger is so apt to hit boulders of hard ore, that are frequently 
of considerable size. 

The characteristic ^^shot ore,” so well described by Weld® 
and Spencer is present over large areas. 

A typical analysis of San Felipe ores is, in average of 10 

» Tram., xl., 299 to 312 (1910). 

^ Bulletin No. 340, JJ. S. Geological Survey 
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samples: Fe, 45.18; SiOg, 6.75; A 1203 . 12.3; Mn, 0.56; Or, 
1.7; Fi, 0.53; P, 0.1; 8,0.063; OaO,MgO, 2; loss on igni- 
tioti, 12 per cent. 

This analj'sis shows that the San Felipe ore was evidently 
not the ore referred to by Kemp in his quotation in The Iron 
Ore Besources of the World. 

A comparison of the average analysis given above with the 
following average analysis of three samples selected at random 
from a large number of Buena Vista (Moa) ores, shows the 
striking similarity of the ores of the two districts: Fe, 44; 
SiO^, 1,62; AlA, 11.61; Mu, 1.18; Cr, 1.42; Ki, 0.76; P, 
0.006; S, 0.332; OaO,MgO, 1.66; loss on ignition, 19.18 per 
cent. 

It will be noted that in all respects, and even in the percent- 
ages of CaO and MgO, the agreement is so perfect that it would, 
indeed, be dangerous to assume from this a limestone origin 
for one and a serpentine origin for the other, as has been done 
by one recent investigator.^ 

The higher percentage of phosphorus in the San Felipe ores 
probably proves nothing, as ores of a similar origin vary in this 
element the world over. 

The analyses quoted in this section ^vere made hy K. E. 
Kresge, Chemist, Bethlehem Steel Co., South Bethlehem, Pa., 
and by W. V. Fitch, Chemist, Bethlehem Iron Mines Co., 
Oamaguey, Cuba. 

6. Economics. 

Kot enough exploration has yet been done to prove the 
economic possibilities of the San Felipe iron-ores. Pits in 40- 
per cent, ore are common over the whole area of San Felipe 
hill. Certain pits have shown the following occurrences; 

8 ft. of 41 -per cent. ore. 

26 ft. of 40-per cent. ore. 

6 ft. of 43-per cent. ore. 

38 ft. of 42-per cent. ore. 

Other areas seem to indicate the presence of good tonnages 
of 45-per cent, ore and better, as the following pits show ; 

6 ft. of 46-per cent, ore. 

3 ft. of 48-per cent. ore. 

11 ft. of 46-per cent. ore. 

7 ft. of 47-per cent. ore. 


® Leith, this volume, p. 101. 
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Some areas have yielded 50-per cent, ore but, so far, no great 
amount of such ore has been found. 

Judging from the enormous area controlled by the Bethlehem 
Iron Mines Oo. (nearly 60 sq. miles), and assuming that one- 
third of this area is worthless, which makes an extremely con- 
servative estimate, it is probable that there are 400,000,000 
tons of 40-per cent, ore and 50,000,000 tons of 45-per cent. ore. 

Some experiments already performed seem to show possi- 
bilities of raising the percentage of iron in the ore by screen- 
ing or washing. Thus a pit showing a depth of 8 ft. of 41-per 
cent, ore was sampled and the sample screened through 0.25-in. 
screen. It was not sifted through, but simply thrown on an in- 
clined screen exactly as mortar-sand is screened. Seventy-five 
per cent, of the sample proved to be coarser than 0.25 in. and 
this analyzed: Fe, 44; AI3O3, 12.30; SiOa, 6.75 per cent. The 
25 per cent, of fines or waste showed, Fe, 83; AI2O3, 17 ; SiOg, 
16 per cent. Washing this ore gave slightly better results. 
Careful experiments on 100-lb. samples of varying percentages 
of iron, but all above 40 per cent., seem to prove conclusively 
that simple screening will give a concentrate which will average 
46 per cent, of iron, and which will not be finer than ^-in. 
mesh. This will, however, be attended by considerable loss of 
fines, probably 40 per cent., which will be very high in alumina 
and silica. 

Other economic features of the San Felipe deposit, aside 
from composition and possible mechanical enrichment, are most 
favorable. San Felipe, being less than 500 ft. above the sea- 
level and with gradual slopes on the west and north sides, re- 
quires no inclined planes. The ore, especially if screened, cer- 
tainly needs no nodulizing to improve its physical character 
for furnace-use, and the known depths of ore and its coarse 
granular nature favor the work of steam-shovels. Also, as far 
as our observations have gone, the climate on the mesas as low 
as 500 ft. in elevation is somewhat better than on those at 
higher altitudes. 

11. The Moa Deposits. 

The Moa occurrence of brown ores has been so fully de- 
scribed by Spencer,® and especially by Weld,’' that but slight 

® Bvlhtin No, 340, TJ, S. Geolo^icd Survey (1908). 

T Trans,, xL, 299 to 312 (1910). 



126 BROWN IRON-ORES OE OAMAGUEY AND MOA, CUBA. 


mention is necessary to show the close resemblance to the San 
Felipe occurrence. 

There is on the shore of Moa bay a considerable outcrop of 
hard ore of the same pseudo-conglomeratic character as the 
San Felipe ore. Wherever rocks are exposed they are seen to 
consist of serpentine in various stages of alteration from the 
peridotite. Passing back from the coast at Moa, there is a 
gradual ascent and the rocks are hidden by a mantle of soft 
ore, sometimes 60 ft. deep. The occurrence of shot ore at the 
actual ground-surface is very common. 

III. Prooe that the Cuban Brown Ores of Camaguey and- 
Moa Are KTot Bog Ores. 

1. Definitions and Descriptions of JBog Ore. 

The description of bog ore by Sir Archibald Geikie,® the 
foremost English geologist, is as satisfactory as any that can 
be given. 

“Bog Iron-Ore (Lake-ore, mineral des marais, Sumpferz) — a dark-brown to- 
black, earthy, but sometimes compact mixture of hydrated peroxide of iron 
[limonite], phosphate of iron, and hydrated oxide of manganese, frequently with 
clay, sand, and organic matter. An ordinary specimen yielded, peroxide of iron 
[hematite], 62.69 ; oxide of manganese, 8.52 ; sand, 11.37 ; phosphoric acid, 
1.50 ; sulphuric acid, traces ; water and organic matter, 16.02 = 100 00 . . . . 
According to Ehrenberg, the formation of bog ore is due, not merely to the 
chemical actions arising from the decay of organic matter, but to a power possessed 
by diatoms of separating iron from water and depositing it as hydrous peroxide 
[limonite] within their siliceous framework.*’ (p. 187. ) 

“ Again, in the formation of extensive beds of bog-iron-ore, the agency of vege- 
table life is of prime importance. In naarshy flats and shallow lakes, where the 
organic acids are abundantly supplied by decomposing plants, the salts of iron are 
attacked and dissolved. Exposure to the air leads to the oxidation of these solu- 
tions, and the consequent precipitation of the iron in the form of hydrated ferric 
oxide [limonite], which, mixed with similar combinations of manganese, and also 
with silica, phosphoric acid, lime, alumina and magnesia, constitutes the bog-ore 
so abundant on the lowlands of North Germany and other marshy tracts of 
northern Europe.” (p. 612.) 

Dr. Richard Beck,® Professor of Economic Geology in the 
Freiberg Mining Academy, and one of the foremost German 
geologists, described bog ore as follows : 

® Text-hook of Geology^ 4th (last) ed. (1906). 

® Lehre von den JBrzlagerstdtten (Weed’s translation, The Nature of Ore Deposits), 
p. 99 (1905). 



BROWN IRON-ORES OF CAMAGBEY AND MOA, CUBA. 127 


“ Bog iron ore, also called swamp ore, meadow ore and bog ore, is yellowish, 
brownish or blackish limonite, with resinous luster on fresh fractures, always 
highly porous and cavernous, often slag-like and hard, sometimes ochrous, loose, 
earthy and mingled with many other substances. The ores contain hydrated iron 
silicate (a gelatinizing basic iron-silicate), also iron phosphates, crenates, ulmates 
and humates. The ores contain between 20 and bO per cent, of FegOg. The 
phosphoric acid content rises as high as 10 per cent. There is also a mechanical 
admixture of sand grains and clayey particles.’’ 

“ Deposits of bog iron ore are found where surface water stagnates in the shallow 
depressions of flat lands, especially in the vicinity of sluggish streams whose waters 
are colored brown by dissolved humous acid or humic salts, and in the moor and 
meadow bottoms of the lowlands of northern Europe, Asia and North America.” 

2. Occurrence of Bog Ore, 

Kemp gives the following examples of the occurrence of 
bog iron-ores. 

^‘The ore-beds [at Three Rivers district in Quebec], furnish ideal illustrations 
of bog-ore deposits in all their forms. Beginning as a light film, the ore gradually 
accumulates on the bottom, where it hardens into thick crusts. These are ex- 
posed to the sun in the dry season in the shallower reaches, and become very hard 
cakes. During the succeeding wet season they are again buried under more ore, 
or sand and ore, until the thickness attained is very considerable. . . . The 

river flows from the swamp called Grand Pl^ in the midst of which is a shallow 
lake called Lac a la Tortue. Ore is dug in the swamp and dredged in the lake. 
The supply is renewed after being removed.” 

Beck (W eed) “ describes the bog ores occurring in lakes in 
Sweden as follows : 

“The lake ores .... are found at the bottom of innumerable lakes [in 

Sweden] They are mostly found on a sandy bottom at a distance of 

about 10 m. from the shore and up to a depth of about 10 m. (32.8 ft.). The 
deposits are usually thin, rarely reaching 0.6 m. (1.6 ft.) in thickness, but as they 
may be obtained by simple dredging, they are worked even if but 10 cm. to 15 cm. 

(4 to 6 in.) thick. The supply is renewed in about fifteen to thirty years 

The ore in the lakes does not form a continuous sheet, but occurs in round or 
elongated patches, whose direction and arrangement is evidently deteimined by the 
currents due to streams entering the lakes, since the ore beds are in shallows 
covered by an abundant growth of water plants, while the currents supply sand 
and mud 

“The formation of these lake ores is accomplished in several stages, each char- 
acterized by different material. In the first stage the iron oxide settling on the 
bottom, at first as a light ochrous mud, gradually hardens into crusts, having the 
luster, color and hardness of true ore. This mud has a blackish gray, brownish 
or greenish color, and is filled with vegetal debris. Exposed to the air, it dries 
to a gray or yellow powder. It is rich in gelatinous silica and contains numerous 

Ore Deposits of the United States and Canada^ 5th ed., p. 90 (1903), 

The Natwre of Ore Deposits, p. 100 (1905). 
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algae. On hardening, the masses of mud form either compact lumps (rusor), 
small or large discs and balls, or else they encrust roots, portions of t^^unks and 
branches of plants and animal remains, such as beetles and worm tubes, Phryga- 
nid quivers and the like.”’ 

8. Comparison of Chemical Composition of Cuban Brown 
Ores and Bog Ores. 

a. Condition of the Iron . — The iron of bog ore, as shown by 
the definitions and descriptions given above, is all limonite 
(hydrated ferric oxide), while this is not true of the Cuban 
brown ore. 

Analyses show that there is not sufficient water present in 
most of the ores to combine with the iron oxide to form limo- 
nite, especially so since much of the water is combined with the 
aluminum silicate. There is a considerable portion of the mass 
highly magnetic, showing the presence of magnetite. The mi- 
ci'oscopic examination of the ores also shows both magnetite 
and hematite. The evidence is, therefore, positive that a con- 
siderable portion of the iron is in the anhydrous condition as 
hematite and magnetite. The proportion of these varies in the 
different samples so that no general analysis can be given. The 
reddish color of certain samples also shows the presence of 
hematite. The occurrence of hematite and magnetite in the 
Cuban brown ores is entirely inconsistent with the definitions 
of bog ore and therefore of itself would disprove the bog origin 
of the Cuban ores. 

b. Phosphorus and Organic Matter .— absence of organic 
matter and the very small amount of phosphorus prove that 
the ores did not accumulate in bogs where thei’e was much de- 
caying vegetable matter. High phosphorus-content is a char- 
acteristic of bog ores, while the Cuban brown ores are remark- 
ably low in that element. In the United States, deposits of bog 
ores that were once worked have been abandoned, owing to 
the high percentage of phosphorus. 

c. Silka . — As shown in the typical analyses of bog iron-ores 
given above, silica is also far higher in them than in the Cuban 
ores. The low silica alone proves the Cuban ores to have had 
a different origin. 

d. Orains ofSand.—Th^ total absence of water-worn grains 
of sand also disproves the bog origin of the ores. In bogs as 
extensive as those must have been, were the ore formed in such 
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places, streams would have entered in many places, and these 
streams in times of flood would certainly have carried in water- 
worn grains of sand. Such materials are characteristic of typi- 
cal bog ores. 

e. Chromium and Nickel, — The presence of chromium and 
nickel in appreciable amounts in the ore is also strong con- 
firmatory evidence of the residual origin of the ore in the de- 
composition of the underlying rocks which contain these ele- 
ments. The chemical behavior of compounds of these elements 
seems to forbid their presence in bog ores except under unusual 
conditions, and then only in minute amounts, far less than the 
proportions represented in the Cuban deposits. 

Kemp says : “ The mineral [chromite] is practically limi- 
ted to serpentinous rocks and is distributed through them in 
irregular masses.’’ 

On the mine Buena Vista, at Moa, there is an occurrence of 
Cuban brown ore, which contains 25 per cent, of ‘chromium, or 
in other Tvords, a type of this ore occurs which is nearly rich 
enough in chromium to be called chromite. 

/. Chalcedony and Quartz, — Finally, the presence of rather 
large masses of chalcedony and quartz within the iron-ore body 
cannot be satisfactorily explained by the bog-origin theory. 
We have seen some of these, several inches in diameter, which 
could not have been transported by streams entering the swamps 
without finding them distributed in regular strata and associa- 
ted with mud and sand. Instead they occur isolated and irregu- 
larly distributed throughout the ore-body at Camaguey. Pratt 
and Lewis describe similar materials in the residuum of the 
peridotites, where there is no question of their origin. They 
say that The weathering of olivine (its decomposition on ex- 
posure to the weather) produces hydrous iron sesquioxide 
(limonite), silica (both quartz and chalcedony), and the car- 
bonates of iron and magnesium. Most of the carbonates are 
usually carried away in solution.” 

4. Occurrence of Ouhan Brown Ores, 

a. Deposits Always Found Besting on Serpentine, — The ore-de- 
posits in question rest everywhere upon serpentine or extremely 


0r« D&posiiB of the United States and Canada, p. 70 (1903). 

^ Corwadvm and the Peridotites of Western North Carolina, p. 62 (1905). 
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basic rocks, that have been shown by numerous analyses and 
microseopie examination to contain iron, chromium, and nickel 
compounds, sufficient to produce the ores resting upon them 
by decomposition. Were the ores transported in solution in 
running water, it would be extremely improbable that the ore 
would be precipitated only in bogs formed on that kind of rocks. 
Turther, no iron-ore deposits of that character are known in 
Ouba outside of the serpentine-areas or in close proximity to 
them, though the serpentines cover only a comparatively small 
portion of the island. 

b. Deposits Occur on Tops of Mils and Plateaus. — The fact 
that the deposits occur on the tops of the plateaus or hills 
and on their gentle slopes, and are absent in the lowlands, also 
disproves their bog origin. Bog ores may occur on flat un- 
drained plateaus, but only when rocks rich in iron are ad- 
jacent to the plateaus and occupy higher levels. As yet no 
one has reported higher-lying iron-bearing rocks that could 
have been the source of the vast deposits of iron covering the 
present plateaus of Ouba. 

c. Dxtent and Thickness. — The extent of the deposits, cover- 
ing many thousands of acres, and the fact that they are con- 
tinuous, cast much doubt on the origin of the ore in bogs. 
The descriptions given show that bog ores accumulate in bands 
near the shores of lakes or ponds, and the deposits are not con- 
tinuous over extensive areas such as we find in Cuba. Again, 
bog ores, elsewhere in the world, are thin and must necessarily 
be so on account of their accumulation in shallow water, where 
plant-life or humus-materials are abundant. If the deposits 
are thick, there are alternating strata of iron-ore and sand and 
mud. The Cuban brown ore is found to consist of solid ore 
ranging in depth up to 50 ft. Therefore, the extent and thick- 
ness of the Cuban brown ores seem inconsistent with their 
■origin in bogs. 

d. Physical Character of the Deposits. — Whenever material of 
any kind accumulates by successive deposition or precipitation 
of materials held in suspension or in solution, the resulting de- 
posits show lines of stratification or bedding. The complete 
absence of such evidence disproves the bog theory as an ex- 
planation of the origin of the Cuban brown ores. 
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5. Summary of Evidence Opposed to the Bog Origin of the 
Cuban Ores. 

It is, therefore, certain that the Cuban brown ores cannot be 
regarded as bog ores, since they do not conform to the descrip- 
tions of such ores. In chemical composition they differ in the 
condition of the iron, the amount of phosphorus, the low silica, 
the absence of grains of sand, the presence of considerable 
amounts of nickel and chromium, and the presence of masses 
of chalcedony and quartz. The location of the ores, entirely on 
serpentine rocks and on the top of hills and plateaus, is not 
consistent with their origin in bogs. The great extent and 
thickness of pure ore is unlike bog ore-deposits elsewhere. 
And lastly, the absence of stratification proves that the ores are 
not sediments precipitated from suspension or solution. 

IV. Proof That the Cuban Brown Ore is not Ocher. 

1. Eefinition and Description of Ocher. 

The term “ ocher ’’ has been used in many different senses, 
so that there has arisen some confusion regarding its proper 
meaning. These conflicting views have resulted from the un- 
scientific application of the word to any yellow substance that 
may be used as paint. The line between limonite iron-ores and 
ocher has only been drawn arbitrarily, and there is a gradual 
passage from one to the other. Certain materials are undoubt- 
edly applicable either to the formation of pig-iron or in the 
manufacture of paints, but in the main the distinctions between 
the substances of iron-ore and ocher are generally recog- 
nized. The definitions of ocher all have reference to the physi- 
cal character of the material and its chemical composition. 

The ocher found in the south of Prance, called Prench ocher, 
has been largely exported for many years to various countries 
and is favorably known. It is essentially clay rich in limonite, 
with less than 25 per cent, of iron oxide. 

a. The Paint Manufacturers. — Ocher, as defined in the Color 
Ifomenclature Table of the Paint Manufacturers’ Association 
of the United States,^"^ is an “important permanent natural 
yellow color found reinforced with silica, gypsum, alumina, 
•etc. Consists of hydrated ferric silicate of aluminum per- 

“ Mfst Awmal Report of the Seientific Seetion, p. 55 (1908). 
von. XLii. — 9 
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meating a clay base, and when burnt its shade may be varied. 
This definition may be regarded as final, as the men most 
competent to decide what constitutes an ocher are those who 

make most use of the material. 

Sabin.— A. H. Sabin,'" an authority on paints and paint 
manufacture, says : ‘‘ The great supplies of iron-oxide paints 
are mixtures of these [limonite and hematite] , and are found 
in deposits where the ore is in granular or earthy form, usually 
mixed with more or less clay; sometimes the clay amounts to 
two-thirds the weight of the whole, not uncommonly one-halfi 
Such a material is easily reduced to a powder.” 

Maire. — ^Frederick Maire says : 

*‘A11 ochers are compound*? of mixtures of several ingredients or substances. 
The coloring matter they contain is due to hydrate ferric oxide (limonite) com- 
bined with an earthy base, which varies with each locality and sometimes with 
every hill in the locality where they are found There cannot be, there- 

fore, any recognized standard or chemical formula for an article varying as much 
as this doe^.. They would have to be changed with each new sample that we 
analyzed. Notwithstanding so many variations, ochers may be grouped into two 
general classes : 

1. Those where the earth base holding the iron oxide is chiefly of silicate earth. 

2. The remaining ochers whose base consists principally of clay, earths, or 
alumina. 

h. Greologists . — The following definitions seem to represent 
the present point of view of geologists generally : 

Pirsson.— L. V. Pireson,*’’ Professor of Geology iu Yale Uiii- 
yersity, considers oclier as a variety of clay; the clay element 
being dominant. .He says— “ When pure it (clay) is whito ; 
hut it is generally colored red or yellow by iron oxides, form- 
ing red and yellow ochers.” 

“The Mineral Industry.” — ^In the various volumes of llie 
Mineral Industry, ocher is classed as a variety of clay. The fol- 
lowing statement “ represents the point of view of the editors. 
“ Yellow ocher is clay which owes its tint to hydrated sosqui- 
oxide of iron ” (limonite). 

IT. S. Geological Survey. — Similarly, in the various volumes 


Technology of Paint md Varmshf p. 128 (1905), 
3Iodern Pigments cmd Their Vehicles^ p. 58 (1908). 
Pocks md Bock MmeralSj p. 328. 

The Mineral Indnstry, vol. iv., p. 492 (1895). 
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of The Mineral Hesources of the U. S. Geological Survey, ocher 
has been regarded as bearing a much closer relationship to 
clay than to the iron-ores. 

c. Summary of Definition of Ocher , — Summarizing the above 
definitions it is seen that standard ochers 

1. Must be loose, earthy, and pulverulent in character ; 

2. Must contain clay (hydrated ‘aluminum silicate) as the 
base, and it must be dominant; 

3. Must contain iron in the form of limonite (hydrated ferric 
oxide) as the coloring-matter. 

2. Physical Character, 

Authorities agree that ochers are loose, earthy, and pulveru- 
lent in character. 

3. Chemical Composition, 

In chemical composition there are wide variations, but there 
is general consensus of opinion that ochers contain as their 
essential constituents, clay (hydrated aluminum silicate) as the 
base, and limonite as the coloring-matter. Some materials 
high in oxide and low in alumina and combined silica have 
been classed with the ochers by those who have not been exact 
in their usage, but there is now a decided tendency among geolo- 
gists to eliminate from the ochers those materials that are un- 
usually high in iron. Materials carrying more than about 30 
per cent, of iron are called iron-ores, and lower are classed as 
ochers, provided they have the proper physical character and 
the chemical composition agrees in other respects. Paint 
manufacturers object to materials low in aluminum silicate 
and high in limonite. Sabin says that the iron oxides used 
as paints are mixtures of the iron oxides with clay, and that 
they are preferable to the heavier pure oxides because much 
less liable to rapid settling out of the oil or other vehicle.^^ 
Thus geologists and paint manufacturer's agree that the clay ele- 
ment must be dominant in the ochers, and that the iron present 
must be in the form of limonite. 

4. Comparison of the Properties of Cuban Brown Ore and Ocher, 

The Cuban ores in q^uestion do not agree with the definitions 
of ocher as given above in several respects. 


Technology of Paint and Varnishj p. 131 (1905). 
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a. Physical Characteristics . — The greater portion of the ores 
are not loose, earthy, and pulverulent. Of the hundreds of 
samples seen from the San Felipe district not a single one has 
the physical character of an ocher. Of the specimens from the 
Moa district, some do conform to that description, but most do 
not. It is admitted by all that any conclusions that will hold 
for Oamaguey must also hold for Moa and Mayari, as geologi- 
cally and chemically the ores are the same, the only difference 
being a physical one, arising from the different degree of de- 
composition of the ore in the different localities. 

b. Predominance of Clay . — The chemical composition of almost 
all the analyses, of which hundreds have been made, shows that 
clay is not the dominant constituent, but instead iron oxide is 
much more prominent. Therefore, the material does not con- 
form to the standard definitions of ocher. The average of 50 
complete analyses of iron-ore from Moa, taken at random from 
several hundred, and representing all portions of the district and 
all depths, show 55.09 per cent, of ferric oxide and only 19.9 per 
cent, of clay possible, if all the silica present is contained in the 
clay. It is seen, therefore, that the clay is less than one-half 
the entire material, while the ferric oxide constitutes more than 
one-half. 

a. Condition of the Iron Oxide . — The iron is only partly in the 
form of limonite, which recognized authorities agree is the 
necessary condition for the iron of ocher. Practically all the 
analyses show that some of the iron is in the anhydrous condi- 
tion as hematite, and the microscopic examination has shown 
that many samples of ore contain more hematite than limonite, 
and none were examined in which hematite was entirely absent. 
That there is much magnetic material in the ore is readily 
shown by passing an ordinary magnet through a mass of pow- 
dered material. Au analysis of some of the magnetic material 
showed that it consisted mainly of hematite, with a small 
amount of magnetite distributed through the hematite. It is 
freely admitted that material that can be properly termed 
ocher may occur in many samples of the ore, but it is so inti- 
mately mixed with the hematite, which, according to no defi- 
nition, can be included under yellow ocher, that it is impossible 
to separate them. Some experiments to separate the limonite 
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and hematite in the Cuban ores have been made by washing, 
but without success. 

d. Silica and Alumina . — The analyses run so low in silica 
and so high in alumina as to prove conclusively that in many 
of the most ocherous-appearing samples the alumina does not 
exist as clay, in combination with silica and water, but the 
alumina is free or merely in combination with water. It, there- 
fore, does not agree with the ochers. 

Of hundreds of analyses of ocher that are available, scarcely 
one can be found that does not contain more silica than alumina, 
and none were obtained in which the alumina was in excess of 
the silica by more than a very small amount. 

The best Italian ocher has twice, and the best Pennsylvania 
ocher has three times, as much silica as alumina, while the Cuban 
brown ores have from one and one-half to 10 times as much 
alumina as silica. The average of 50 analyses of Moa ores 
taken at random shows 1.69 times as much alumina as silica. 
This evidence in itself, showing such marked difference be- 
tween ochers and the Cuban ores in question, should prevent 
the latter from being classed as ochers. 

e. Economies . — It is admitted that some samples might be 
obtained from the Cuban brown iron-ore deposits that would 
consist of ocher alone, but these deposits are unquestionably 
not large enough to make it possible to exploit the same 
property for ocher and iron-ore by different concessionaries at 
the same time. We have examined several deposits of limonite 
iron-ore and ocher in Pennsylvania where both occur in less 
intimate association than in Cuba, and yet it has never been 
found possible to exploit the two together by different com- 
panies. The mines in question have been operated for iron-ore 
at certain times and the ocher separated by washing and thrown 
away ; at other times it has been found more profitable to work 
the deposit for ocher and in the washing the iron-ore became 
the waste product. These Pennsylvania deposits represent re- 
sidual material and are thus similar to the Cuban limonite. 

V. True Origin or the Cuban Beown Orb. 

The true explanation of the formation of the Cuban ores is 
unquestionably the segregation or collection of the iron-minerals 
on the decomnosition of the sernentines and neridotites which 
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originally contained the ore in the form of magnetite, hematite, 
and as part of the mineral olivine. The microscopic examina- 
tion of thin sections of the serpentine shows the rock to contain 
small pellets of hematite thickly and uniformly distributed 
throughout the entire mass of rock, and some magnetite. As 
the rock decayed at the surface, the soluble portions of the ser- 
pentine were removed, the iron was converted into the hydrated 
form (limonite) in the main, though some remained as hematite 
and magnetite. The chromium and nickel, which are common 
constituents of basic rocks, also remain in the iron-ores. Strang- 
ways,^® in his article, Chrome Iron Mining in Canada, makes 
the following statement, which is recognized to be true by all 
geologists : Chromite has been found only in peridotites and 
allied magnesium rocks, or in serpentine, which has resulted 
from the alteration of these rocks.’’ 

1. Evidenee of Origin from Serpentine, 

While engaged in the study of the Camaguey ores, six pol- 
ished specimens were prepared, which plainly showed the 
gradual transition from rock to ore. All were taken from the 
San Felipe district, north of Camaguey. 1 was a sample 

of the underlying serpentine, and the large amount of hematite 
it contained could easily be seen with a lens. No. 6 was a 
sample of iron-ore from the same locality, analyzing 49 per 
cent, of iron, while Nos. 2, 3, 4, and 5 were the intermediate 
phases from rock to ore, arranged in the order named. Here 
we found indisputable visual evidence of the true origin of 
the Cuban brown ore. 

2, Description of Formation. 

0. M. Weld,^^ in his paper, The Residual Brown Iron- Ores 
of Cuba, has given a good description of their formation. He 
says : 

The ordinary procedure in rook-decsay involves the removal of lime, magne- 
sia, and the alkalies, while the aluminous silicates and the ferric oxides for the 
greater part remain behind. Laterization goes one step further and removes the 
silica as well. Its characteristics are : (1) the liberation of the silica from its 
various compounds ; (2) the removal by solution of the lime and magnesia ; (3) the 
oxidation of the ferrous to ferric iron ; (4) the removal of the silica and the alka- 

Oanadian Mining Journal^ voL xxix., No. 6, pp. 42 to 47 (Mar. 1, 1908). 

21 Trans., xL, 305 (1910). 
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lies ; (5) the concentration, as a residual mantle, of the alumina and ferric iron, 
with titania, chromic oxide, and other impurities ; and (6) a sort of secondary 
dehydration leading to concretionary and pisolitic recemented masses, more or 
less abundantly disseminated through the mantle. 

“ With this process in mind, the serpentine may he leadily recognized as the 
parent of the ii on-ore. Lime, magnesia, silica, and the alkalies have been 
lai gely if not wholly removed, and the iron and alumina have been concentrated. 
There is seven times as mucli iron in the ore as in the serpentine, and eight and 
one-half times as much alumina. About the same ratio appears to hold with the 
chromium, nickel, and titanium, which are nearly equally persistent with the 
iron and alumina. In short, there is no need to appeal to a hypothetical foreign 
source for any of the elements constituting the ore, either in whole or in part. 
No supposition involving tran'sportation of material is required. Everything is 
at hand, and the history of the ore, as residual material derived directly from its 
underlying rock, is complete.” 

3. BxaYwplt of Residual Serpentine Limoniie Ore. 

On Staten Island, "N. Y., there are deposits of brown iron-ore 
•examined by ns that are strikingly similar to the Cuban limo- 
nites. The iron-ore occurs in several patches on a serpentine 
area, and it is there possible to see the gradation from the fresh 
■serpentine through the much-decomposed rock to the iron-ore. 
In composition and general appearance it would not be possi- 
ble to distinguish the Staten Island ores from the harder ores 
of northern Cuba. 

VI. Proof that the Cuban Brown Ore is Iron-Orb. 

The proper classification of the Cuban limonite ores has been 
settled by the XJ. S. government in declaring them to be iron- 
ores and subject to the duty levied on iron-ores and not that 
placed on ochers. In the past there have been several cases 
where attempts have been made to import ochers under the 
name of iron-ores with the lower importation tariff-rates on the 
latter, but the decision has been adverse to the importers. 

The Pennsylvania Steel Co. and the Maryland Steel Co. have 
successfully used the Cuban brown ores in the manufacture of 
steel, so that there can be no question of their value for such 
purpose. 

VII. Classification of the Cuban Brown Ores. 

Oar general conclusion is that the ores in question occurring 
at Oamaguey and Moa are properly placed under the Third 
Section in the Classification of Mineral Substances as quoted 
in “ General Bases for the New Mining Legislation,’’ and ap- 
proved by decree of Dec. 29, 1863. 
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Exploration of Cuban Iron-Ore Deposits, 

BY DWIOHT E. WOODBRIDGE, DULimi, MINN. 

(Wilkes-Barre Meeting, June, 1911,) 

DuRiNa April, May, and June, 1910, I was in charge of an 
examination of the greater part of the Moa iron-ore area in 
Oriente Province, Cuba, on the north coast, near the east end of 
the island. My instructions, on arrival at the properties, were 
to cheek former estimates of tonnages and grades, and to re-ex- 
amine the ore comprised in claims covering 44,727 acres. This 
work included the running of lines dividing the properties into 
co-ordinate planes, the boring of many thousand feet of holes 
spaced at the intersections of these co-ordinates, the taking of 
samples of the ore penetrated, the analysis of these samples 
for their various constituent minerals, and the determination 
of the results as to tonnages, depths, and grades, both for in- 
dividual properties and for the entire group. Each section of 
every one of the thousand holes drilled was to be compensated 
for depth and grade with every other, a series of simple arith- 
metical calculations of no slight magnitude, the mere mechani- 
cal labor of which consumed much time, but finally resulted in 
giving a complete average of all the essential facts for the en- 
tire area of 18,000 hectares. 

Had it not been for the more than willing, active, and able 
co-operation of the officers of the Spanish-American Iron Co., 
from Charles E. Rand, President, and Jennings S. Cox, General 
Manager, down to the most humble water-carrier, the work 
would have consumed far more time than it did. 

The lands thus systematically explored by me were comprised 
in the following denouncements; Punta Gorda, Yaminiguey, 
Baracoa secunda, Sagua, Moa, Tajrumaje, Lirio, and Cabanas, 
all of which were massed as the Moa group, so called, and cover 
an area of 18,832 hectares, or 34,179 acres. Some 10,000 acres 
additional to this was included in neighboring properties, lying 
between Moa and the east end of the island, the Buena Vista, 
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Oanete, Taco, Barisagua, and Tanamo claims, and a third group 
of so-called Rodrigo lands, lying in a compact group to the 
south of and joining the Punta Gorda claim. On all these 
lands, aside from the Buena Vista and Rodrigo groups, there 
were found to exist no less than 865,124,000 tons of iron- 
ore, of an average composition of iron, 48; sulphur, 0.117; 
phosphorus, 0.012 ; nickel and cobalt, 0.80; and chromium, 
1.7 per cent. In addition to this tonnage there were found 
some 100,000,000 tons of an average tenor of about 32.5 per 
cent, of iron. The tonnage found to exist on Buena Vista and 
Rodrigo was about 250,000,000 tons, averaging 43 per cent, of 
iron. Considering the fact that all analyses are made dried at 
212°, and that the ore carries not far from 14 per cent, of com- 
bined moisture, and, say, 25 per cent, of hygroscopic water, 
this tonnage means about 60 per cent, of the above totals of an 
iron-ore with ii’on-content of about 50 per cent. 

The preceding papers in this volume, and to which my present 
paper may be considered an addendum, elucidate, more fully 
than I could hope to do, the origin and geological character of 
these ores, some of them with special reference to the attitude 
of claimants for portions of these ore-fields under the argument 
that these ores are bog ores or ochers. I will confine myself 
to the situation, method and expense of exploration, and to 
probable courses of development and mining, with some atten- 
tion to the cost of the ore delivered in the IJnited States. 

Articles descriptive of the discovery and development of a 
tonnage of 600,000,000 tons of commercial iron-ore in the 
Mayari field by the Spanish-American Iron Oo., have been 
published from time to time. Subsequent to these discoveries 
and their exploitation, the red soil at Moa was recognized as an 
iron-ore, and researches were immediately instituted to deter- 
mine the quantity and quality of this ore. These investigations 
commenced in 1906 and had been carried on almost continu- 
ously with fi varying degree of vigor up to the time of my 
own examination, in 1910. The tonnages of this new dis- 
trict proved to be greater than those of Mayari, while the 
quality was found to be quite similar. The resemblance in 
grade was but natural, since the origin of ore in these two 
fields was precisely the same and the breaking-down of the ore- 
bearing rock has proceeded at Moa in a manner analogous to 
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that process at Mayari. More than 50,000 acres of land were 
examined and drilled, the district was mapped, and thousands 
of drill-samples were analysed. It was found that the general 
area of these Moa fields was superposed upon about 60 sq. 
miles, and that the ore-beds extended directly to the Atlantic 
shore, forming a blanket more or less continuous from the sea 
to the summit of the island, the height of land between the 
Atlantic ocean and the Caribbean sea. 

A precipitous range of rugged hills is practically continuous 
along the north coast of Oriente Province. These hills attain 
an altitude of from 2,000 to 2,500 ft., and approaching by sea, 
form the distinguishing feature of the landscape. At points 
the slopes reach the water’s edge, elsewhere they are some 
miles from the shore. hTumerous bays break the coast; some 
large enough for harbors for ocean-going ships, while others 
are constricted in area and shallow in depth. A series of coral 
reefs extending for many miles along the coast protects it from 
the constant sweep of the Atlantic surge, which is hurled in 
by the steady ISTE. trade-winds. Occasionally these reefs are 
cut by broad and deep entrances, easily distinguishable by the 
break in the otherwise uninterrupted line of white water that 
is like a foamy stripe, elongated on either hand until it ends, a 
mere ribbon upon the blue. These reefs, awash at low tide, 
are covered at high tide, and so perfect a protection do they 
form that the decrepit, poorly-rigged, flat-bottomed fishing- 
boats of the natives are safe inside, no matter how fiercely the 
combers may smash upon the reefs beyond. 

The ciudadcita of Baracoa is 85 miles east of Moa, and its 
history extends back to the time of Columbus, for it was here 
that he first landed on Cuban soil. The town was founded in 
1600. To the west, 60 miles, is the capacious bay of Nipe, 
where are situated the works and shipping-piers of the Spanish- 
American Iron Co., the sugar-mills of the United Fruit Co., 
and a terminus of the Cuba railway. Between l^aracoa and 
ISTipe bay there are no settlements worthy the name, — only an 
occasional fisherman’s hovel, where a cocoa-palm grove comes 
down to the sea, or where there are a few roods of cultivable 
soil. So much of the scanty earth along this stretch of coast 
is iron-ore that arable ground is hard to find and is in high re- 
quest. 
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Roads scarcely deserve the name in this section of Cuba. 
While there is the Cmnino Real, the so-called King^s Highway, 
it is impassable for wagons, and from Moa to Baracoa a pack- 
mule cannot get through, even with an empty saddle. In 
seasons of high water the roads to Sagua and on to Mpe bay 
cannot be traversed at all, and communication is almost en- 
tirely by boat. The poor transportation increased the dijfi- 
culty of securing provisions and supplies, of getting and keep- 
ing competent men, and of handling the mails. 

No surface of soil exists over these ores; indeed, the ore it- 
self is the soil, upon which grow either pine forests or a char- 
acteristic tropical jungle. On the lower elevations and in the 
better drained of the upland interior, pine predominates ; in- 
land, where the rain-fall may be heavier, and wherever it re- 
mains more permanently after falling, the verdant .jungle 
enters. It closely resembles the jungles of northern South 
America, with its tough, cord-like creepers, its strange arboreal 
gro^vths, and its dense poisonous and prickly shrubbery. It is 
hard to penetrate unless one has in his hands that omnipresent 
weapon, the machete. In the belief that a thin capping of sur- 
face-soil and humus might lie above the ore in these jungles, I 
took a number of samples in these woods at varying depths, 
which showed on analysis that, when found at all, the ore ex- 
tended to the surface, whether timbered or not. Ho stripping 
of these ore-bodies is necessary to fit them for mining, and dur- 
ing the dry seasons a lighted match may be applied to the 
forest-floor and the Are will clean off all organic matter above 
the ore, leaving it free and fit for immediate mining by the 
steam-shovel or other means of excavation. 

Scattered about the surface of these deposits are boulders, 
flat sheets, pellets, and nodules of hard iron-ore, somewhat de- 
hydrated, and varying from masses of many tons to pieces the 
size of minute bird-shot. Hatives call the pellets tierras de 
ferdigones, or shot soil, a name warranted by their appear- 
ance and by the use to which they sometimes have been put, 
both in peace and in war. While the upper inch or two is occa- 
sionally composed entirely of this material, it is usually carried 
in a matrix of soft ore, and it was the original design, at the 
time of discovery, to wash this hard ore from the surrounding 
red soil and ship a product of indurated iron-ore. This scheme, 
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however, was impracticable, owing to the expense of collecting 
the hard ore, which is spread over a great area in a compara- 
tively thin layer or appears in isolated deposits and pockets; 
moreover, the matrix contains so much clay that washing was 
slow and diflacult. Daring the course of experiments having 
in view the washing of this material, it was found that the soft- 
ore matrix was as good ore as the hard, and it was not until 
this fact was fully realized that the great size and vast import- 
ance of these deposits were appreciated and their possibilities 
realized. 

It has been considered by some engineers that these shot 
ores cemented into masses occur in layers and bedding-planes, 
and so form a persistent sheet covering a large continuous 
area. In proof of this they point to the hard boulders fre- 
quently found underground in the progress of drilling-opera- 
tions. Basing my opinion on the results of a drilling-campaign 
greater than that of any concern aside from the Spanish- 
American Iron Oo., at the Moa and Mayari properties, I cannot 
agree with this theory. I believe the hard ore found under- 
ground in drilling to be blocks and boulders of this cemented 
material, and not often of large size. Also, that the horizontal 
outcrops of cemented nodules, at times found along the sides 
of erosion-canons, are not original, but have assumed their 
present condition since they became subject to the changes in- 
cident to surface-action ; and this is the ease whether they are 
directly upon the top of the ground or near to it. Contrary to 
statements made in occasional reports, there are in these de- 
posits no definite layers of ore of varying degrees of indura- 
tion, color, or class. The deposits are homogeneous masses, 
and the harder ores found so frequently are the result of heat, 
the action of the elements, and the infiltration of iron salts as 
a cementing material; while the variations of color and texture 
are the result of a more or less hydrated condition and a more 
or less complete disintegration of the original rock, all due to 
local favoring or retarding causes. I took careful note of the 
depth reached by nodulized ore and found it to average a few 
inches, while the extreme depth was 24 ft. This latter depth 
for nodules was rare; in such cases their proportion of the 
mass was very slight. 

The deposits constitute a surface-mantle varying in thick- 




EXPLORATION OF CUBAN IRON-ORE DEPOSITS 


A Dhag-Line Excavator at Mayari, Showing Rapiu 
Action. 


-The Brag-Line Loading Ore-Cars at Mayari. Cars Used 
Here are op 60 Tons Capacity and are Side-Dump. 
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Fig. 3. — Ore Excavated, Showing Kock Boulders on Floor. 



Fig. 4. — A Trail Over Ore-Soil in Pine Woods at Mo a. 
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ness from a mere film to 121 ft., which, I believe, is the ex- 
treme depth ever drilled in ore in Moa. This hole was bored 
by men in the employ of the Juragua Iron Oo. The greatest 
depth which I attained was 81 ft., said to be the second deepest 
ever bored there, and the deepest ever put down by an ordinary 
crew of two men. There is an average thickness of from 18 
to 20 ft. ; the results of work under my supervision, covering 
an area of more than 8,000 hectares of ore drilled, showed an 
average of 18.83 ft.; Mayari ore, I understand, is a trifle 
thicker. The thickness of the ore-mantle is aflected by local 
causes, assisting or delaying the breaking-down of the serpen- 
tine rock (which experts agree to be the mother of this ore), 
erosion by streams, and other causes. The ore lies directly 
upon the serpentine, and mining vdll be somewhat unfavorably 
affected by the fact that the gradation from ore to rock is not 
at all regular, but very rough, so that in cleaning the bottom 
of an ore-body with any sort of automatic machine, chunks of 
serpentine are liable to be broken off and lifted with the ore, 
unless care is constantly exercised. This irregularity is shown 
plainly at the mines of Mayari, and shipments from these open- 
ings to Mpe piers sometimes contain serpentine broken from 
the floor. 

Torrential mountain streams are frequent in this area; a 
square of 225 hectares was measured for check-work in which 
were no less than three large rivers with deep gorges, each one 
worn well into the underlying rock. In this particular area 
about 25 per cent, of the total was barren of ore. But, while 
there are many streams, this special case was abnormal and 
cannot be duplicated in the entire district. In spite of a brief 
rainy season and a long dry period, waters flow with surprising 
volume throughout the year. But erosion at the present time 
is exceedingly slight and entirely, negligible so far as tonnage 
of ore is concerned, for the arroyo slopes are hard and smooth, 
and, even in flood, the rivers bear comparatively little, material 
in suspension. 

One peculiarity of this ore is that it stands indeflnitely with- 
out caving. On exposed vertical faces, open to storm and sun, 
there is no appreciable sloughing-off of the sides. I have seen 
pits dug years ago, that have been open to the action of the 
weather, the vertical walls of which still retain marks of picks 
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and otter tools of the diggers. This ore is very clayey , rep- 
resentative and composite assays showing AlgO^, 13.34, and 
SiOa, 3.36 per cent. Derived, as it undoubtedly is, from ser- 
pentine, the proportion of alumina is naturally very high. 

By reason of the character and condition of these ores ex- 
ploration can be carried on by a process that is simple, accurate, 
rapid, and cheap. Ordinary 2-in. auger-bits are forged on one 
end of 4-ft. sectional rods, the other end being fitted to receive 
a sleeve-nut, 6 or 6 in. long, into which another 4-ft. section 
may be screwed. As a hole is driven down by the auger-bit 
additional threaded sections are screwed on the rod, making it 
any desired length. On each end of each rod, except where 
the bit is shaped, is a backing-nut screwed down hard, in 
order to prevent the rods from working too tightly into the 
sleeve-nuts when turned into the resisting ground, which would 
render it difficult to release quickly. In most cases ore can be 
bored by this simple tool with comparative ease, and when hard 
blocks and boulders are encountered underground, they are 
sometimes cut by the substitution of a cutting chisel-bit for the 
auger-point; in other cases the men will move a few feet away 
and drive another hole, experience having shown that a very 
short distance will usually be sufficient to avoid a boulder. 
The hole is started through the drier top soft ore or nodules 
on the surface, a little water is poured in, the bit lifted and 
driven down by the combined strength of two men, and then 
turned in the ore. The work is a combination of churning 
and boring. Every few feet the tool is lifted, the ore adhering 
to the bit is cleaned off by pressing a stick into the point of 
the bit and then revolving the tool, and saved for analysis, and 
all sludge that has collected above the bit is scraped off If 
the hole is sampled in sections, all ore taken out of each section 
by the bit is saved to make a full sample ; but if the hole is 
sampled as a whole, the ore is all piled upon a cloth and after- 
wards mixed and quartered down with the ever-ready machete 
to make a suitable sample. When sampling was in sections it 
was found best to adopt 5-ft. lengths, both for general conven- 
ience and to ease the work of the calculator of averages. The 
drilling is hard work in deep or difficult holes, or where 
nodules are frequent, — ^as hard as any labor that a man can 
comfortably endure. It is done almost entirely by Spaniards, 
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mostly from the province of G-alicia, who become very expert 
and earn good pay. It is all task-work, and the going rate of 
contract-wages varies with the depth of holes as well as with 
the character of country-rock. Each pair of boring-men is 
accompanied by a water-carrier and a sample-marker, both 
paid by the day ; the sample-marker acts as the representative 
of the employer. He measures the holes and sees that bottom 
is reached before the drilling is stopped. The deeper the 
work the more difficult it is, and there is on the one hand a 
tendency on the part of drillers to shirk, and on the other to 
allow themselves extra measurements. They will stop in ore 
if it is hard drilling, marking pkdra, or “rock,” on their last 
sample, if there is no one to check them. "Were it not for the 
peculiarity of this ore of standing without caving, this system 
of drilling would be impossible, and it would be difficult for 
the engineer to follow and cheek the depth of holes by drop- 
ping down a measuring-rod, or by inserting a bit with which 
to test the material at the bottom. It is not uncommon to 
check grades of properties previously drilled by inserting bits 
in the old holes and reaming out a sample from the sides of 
the hole. If the original hole has been protected at the sur- 
face by plugging it with a piece of sapling, it is very unusual 
to find the hole caved or destroyed. 

The price paid the borers begins at from 1.6 to 2 cents per 
foot for the first 10 ft. of depth, and increases by the addition 
of a like sum per foot for each succeeding 10 ft. of progress 
following. In ordinary ground each borer will earn from 
$2.60 to $3 per day; in other words, a pair of borers will com- 
plete from 10 to 13 holes, averaging 20 ft. deep, per day. 
Sometimes, when work is unusually difficult, or when it is 
desirable to get special results on cheek-work, it is necessary 
to pay by the day at the rate previously earned on contract, or 
to give some sort of bonus for depths. Working with one of 
these drills, two men in my employ drove a hole 81 ft. deep, 
although it took them two long days to complete it. This 
hole was drilled at a spot where I thought that the ore was 
thicker than the original testing, or my own first check, had 
shown it. The original record was 22 ft. and was marked 
“ rock bottom ” ; my own check was 20 ft. and was likewise 
marked “ rock.” But the third attempt went down four times 
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as far before it really hit the serpentine, though located less thR’H 
10 ft. from either of the others. E\ddently both former holes 
had cut into an ore-boulder that the men thought was bottom, 
or that they did not desire to penetrate. In the third effort to 
reach bottom 10 ft. of hard ore was cut by the use of a chisel- 
bit between the 20- and SO-ft. levels. A fact that was some- 
what of a surprise to me, in connection with this hole, was that 
the bottom section, from 76 to 81 ft., showed ore as high in 
grade as that in any other part of the boring, and slightly 
above the average. The borers acquire great facility, and work 
rapidly and hard. If the ground is easy of entry they com- 
plete the holes quickly, and race each other from one location 
to the next in order to lose as little time as possible. They 
regard themselves as of a type of laborers higher than the 
average, and feel pride in their occupation. 

In no other way is it possible to explore such an area except 
at great expense and in a long time. E^o system of tunnels, 
pits, or other openings is so well suited to this work. It is 
well enough to sink pits occasionally, to check by actual obser- 
vation certain facts that seem patent from the drilling, or to 
answer questions that may arise. In this manner of drilling 
there have been bored on that part of the Moa area explored 
by my men more than 60,000 ft. of openings in ore, counting 
the work of original explorers and my own check-work. 

By this rapid and inexpensive method of boring the ore- 
blanket it will be possible to determine in advance of any 
actual mine-operation the precise quality of product to be ex- 
pected from any given area, and thus to regulate grades won, 
or to produce any quality within the chemical limits of the ore- 
body. And it will be a simple matter to ascertain in advance 
the general topography of the underlying rock, and thus to 
bring mining-work for years to come under an assured and 
definite plan and system. All this, of course, means a greatly 
reduced cost of mining. 

To those accustomed to vein-mines or to the great replaee- 
ment^deposits of the Mesabi iron-range, borings varying from 
100 to 300 m. apart may seem utterly inadequate to prove 
grades and tonnages. But a consideration of the origin of 
these fields and of their necessarily quite homogeneous char- 
acter answers this objection in part. The answer is made de- 
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finite and conclusive and the customary method proved safe 
by results secured in actual practice. In early examinations 
of the Mayari field original borings were spaced every 100 ft., 
but as the work proceeded the ore was found to be so regular 
in analysis, texture, and thickness that holes were gradually 
spaced at intervals up to and even exceeding 1,000 ft. There 
was some variation in the essentials, but the averages proved 
so closely as to be accepted as perfectly competent evidence. 
The results reached by these more widely separated borings 
have been since abundantly proved and confirmed by inter- 
mediate holes spaced as close as 50 ft. from each other; while 
in actual mine-operation over the same ground, shipments also 
check these distant original holes. My own intermediate lines, 
run between co-ordinates, were a further proof. Engineers 
and others accustomed to narrow veins and comparatively small 
tonnages may be startled at such figures as this work presents, 
secured, as these have been, on data that may seem absurdly 
insufficient, but study and examination will convince them of 
the reasonableness of the assumptions made. 

One interesting peculiarity of this ore is that often its appear- 
ance is no guide to its analysis. Naturally one might expect 
the deep reddish soft ore to be of better grade than the coarser, 
yellowish ore containing grains of quartz, etc. But this lighter 
yellowish ore, when dried at 212°, is as high in iron as the 
heavier red-colored ore, and its discovery in a hole is little or 
no guide to the probable depth of that hole, although it is a 
fact that this class of ore is found more frequently near the 
base of the beds than in the higher levels. 

It is very important, for this and many other reasons, that 
any serious attempt at the examination of these ore-fields be 
assisted by a chemist in the field. About 2,600 samples were 
analyzed during the course of my work on this examination, 
most of them in a field-laboratory. It was impossible to main- 
tain an equipment in the hills sufficient for the determination of 
chromium, nickel, phosphorus and the like, but all ii'on-assays 
were made there, and were kept as close to the daily returns 
from the drillers as was practicable. With the crude equip- 
ment at hand, one chemist, assisted by two Spanish grinders 
from the district, assayed as many as 50 samples in a day. Our 
laboratory was housed in a palm-thatched hut, one side open 
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to the breezes, with its foot-thick roof inhabited by snakes, 
scorpions, and rats, and with myriads of flies, fleas, and gnats 
swarming about us as we carried on our calculations or weighed 
out our samples. The NE. trade-winds that come into such a 
laboratory after sweeping over thousands of miles of sea are 
freighted with dampness, and it was found that a slight delay- 
in weighing a dried sample caused it to absorb moisture so 
rapidly as to affect the results. So careful were my selected 
native assistants in their work of marking samples, both in the 
field and in the grinding-shed, that of all the samples brought 
in for analysis less than half a dozen were unmarked or mis- 
placed. 

This limonitic ore carries an excessive amount of hygroscopic 
moisture and is light in weight, varying between 18 and 21 
cu. ft. to the ton. At an average of 20 cu. ft., which has been 
assumed as a safe unit for computation by all explorers in that 
field, the ore will weigh 6,382 tons per hectare-foot. Vhen 
the area runs into thousands of hectares, and the average depth 
to more than 18 ft., it may be seen readily that the estimated 
tonnage will give an enormous aggregate. 

The presence of nickel and chromium has been noted. The 
former is found in quantities increasing towards the floor of the 
deposits. In the analyses of several hundred samples for this 
element, the highest percentage found was 1.28 and the lowest 
0.44, with an average not far from 0.80. I need not emphasize 
the economic importance of an iron-ore averaging 43 per cent, 
of iron, and carrying 0.80 per cent, of nickel. Several hundred 
tests for chromium showed an average of 1.75 per cent., a 
serious matter if it were not that a simple metallurgical process 
will eliminate this element at one stage of the reducing-opera- 
tion. These ores are of Bessemer grade, slightly lower in 
silica than the average Mesabi, and not higher in kaolin than 
some Mesabi ores. Phosphorus exists in very slight propor- 
tion. Sulphur is negligible. At Felton, on Mpe bay, the 
Spanish-American Iron Co. operates a largo works for the 
beneficiation of this ore by drying it in cylindrical, rotating, 
horizontal kilns heated to a high degree, which reduces, by 33 
per cent., the weight of raw ore charged. Against this cost of 
nodulization, which may be given at about f 1.26 per ton of 
product of the kilns, are to be placed the saving in freights and 
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duty, and the advantage to the furnace-man of receiving a 
partly-prepared material for treatment. 

With no over-burden to be removed, the deposit situated 
close to the sea, with stream-valleys cutting through the ore- 
beds and running directly to deep water, and with an average 
thickness suitable for about one shovel-cut, these ores should! 
be mined at low cost by ordinary steam-shovel. The steam* 
shovel is referred to here as though its advantage for this work 
were unquestionable, but this is not so certain, since some other 
type of machine excavator may be better. The drag-line ex- 
cavator has been tried, and has advantages, especially if the 
deposit of ore is comparatively thin and the floor quite rough. 
Also, its radius of action is far greater than that of a steam- 
shovel, which must be moved frequently. There is no question 
of the relative efficiencj’' of the two machines if the shovel can 
get one or two full cuts in clean ore, but such opportunities 
are comparatively rare. One block of 75,000,000 tons, assay- 
ing several percentages better than the average of the district 
and of a thickness of about 70 ft, can be connected with deep 
water by a railway 4,000 m. long, without excessive gradients. 
Ore so situated can be delivered on board ship at an actual 
operating-cost not to exceed 20 cents per ton. The average 
cost of milling and rail-transport to the sea for the entire ton- 
nage in sight should be but little more than this amount, if 
operations are conducted on a scale of magnitude commensur- 
ate with the importance of the undertaking. 

Iron-ore is transported from Cuba to American Atlantic 
ports at 85 cents per ton. It is carried in British and I7orwe- 
gian tramp steel ships of from 3,500 to 6,000 tons cargo-capa- 
city, usually equipped with two cargo-hatches forward and two 
aft. These vessels do not compare with the great lake-freighters 
of from 10,000 to 13,000 tons capacity and with from 20 to 83. 
hatches. To be sure, a lake ore-carrier would not live in the 
weather to which these boats are subjected, but there is no 
doubt that reasonably large staunch carriers can be so con- 
structed as to afford rapid loading and unloading at each end 
of the route. With a ship of this character in this trade, more 
money could be made at 70 cents per ton than the lake boats, 
make at 86 cents per ton. Adding duties at 75 per cent, of 
the foreign import rate, incidentals, *administration-expense„ 



152 


THE MAYARI IRON-MINES. 


nodulizing, and all other charges, a nodulized 54-per cent. 
Bessemer ore can be delivered from these mines at American 
Atlantic ports at a cost of about 6 cents per unit of iron, and at 
Pittsburg at a cost of 8 cents per unit of iron, the additional 
8 cents being due to the freight from the seaboard to Pittsburg. 
The raw ore can be delivered at the same points at 3.5 and 7.2 
cents, respectively. Of course Lake Superior ores have a 
counter and equivalent advantage at Pittsburg as this Cuban 
product has at ocean ports, due to the cost of the rail-haul be- 
tween that city and the sea. 

Various important steel-making concerns are interested in 
the Moa region. The U. 8. Steel Corporation has a number 
of men in that field; the Pennsylvania Steel Co. and the 
Bethlehem Steel Co. are also well represented by their subsid- 
iary companies — ^the Spanish-American Iron Co. and Juragua 
Iron Co. ; and other Eastern and Western interests are identi- 
fied with the field. ISo mining has as yet been started at Moa, 
but it is probable that operations will not long be delayed. 


The Mayari Iron-Mines, Oriente Province, Island of Cuba, 
as Developed by the Spanish-American Iron Co. 

BY JAMES E. LITTLE, STEBLTON, PA. 

(Wilkes-Barre Meeting, June, 1911.) 

Or the several extensive deposits of brown iron-ore in Cuba, 
including those of Mayari and Moa, that of Mayari was the first 
to be systematically explored, and was selected as the scene of 
the first operations in the development of this class of ore. 

Construction-work, begun in the spring of 1907, involved 
the building of 16 miles of standard-gauge railroad and two 
large double-track inclines, the installation of mining-machin- 
ery, a nodulizing-plant, power-plant, shops and shipping-facili- 
ties, and the dredging of an extensive basin for deep-draught 
vessels. Unusual weather-conditions delayed the completion of 
portions of this work so that the entire plant was not in opera- 
tion until December, 1909. 




-Mayari Divisioisr, Spanish-American Iror Co. Ore-Bodies and Mining-Claims. 




-Yiew fjrom the Top op the Lower Ihceihe, Showikg 
P iEHRA Gorda Gravity-Yard. 
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The ore in its natural state contains a very large percentage 
of water, which increases to some extent with the depth below 
the surface. Near the surface it is red in color, with somewhat 
granular structure. The color gradually changes with depth, 
finally reaching a bright yellow. The consistency also changes 
towards the bottom to a clay-like, sticky mass. The relative 
proportion of red and yellow ore is quite variable ; in some 
places the yellow reaches close to the surface, while in others 
the red extends almost to the underlying serpentine. 

Fig. 1 is a map showing the Mayari division of the Spanish- 
American Iron Co. The ore lies on an irregular plateau about 
15 miles long and 5 miles wide at the widest point, entirely 
covered with pine trees and brush, which grow directly on the 
ore. The elevation at the northern extremity, which is ap- 
proached by the railroad, is about 1,700 ft. above sea-level. At 
the southern end the general elevation is about 2,000 ft. Ore 
is removed by means of scraper-bucket excavators and steam- 
shovels, these machines loading into special standard-guage, 
side-dump steel cars each of 100,000 lb. capacity. A short haul 
brings these cars to the head of an inclined plane, 6,800 ft. 
long, and of varying grades from 6 to 25 per cent. From the 
foot of this upper incline there is a short railroad about a mile 
long to the head of a second incline, 1,950 ft long, and of 25- 
per cent, inclination. This lower incline ends in a gravity-yard 
at an elevation of 130 feet. 

The ore is therefore lowered by the inclines and connecting 
railroad through 1,491 ft. vertical height, from elevation 1,621 
to elevation 130, the track-distance being 2.44 miles. Both 
inclines are double track, 14 ft. center to center. Empty cars 
coming up on one track partly counterbalance loaded cars de- 
scending on the other track. 

The main cables, 3 in. in diameter, pass over heavy drums, 
20 ft. in diameter, at the head of each incline. Each end of 
the cable is securely fastened to a barney ^’-car, against the 
spring-bufier of which the ore-cars rest. The speed is con- 
trolled by a steam-engine geared to the drums, and by post- 
brakes operated by steam. 

From the gravity-yard at Piedra Q-orda, at the foot of the 
lower incline, ore is carried over a single-track standard-gauge 
line, 13.45 miles long, to Felton, on Nipe bay, where a noduliz- 
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ing-plant for drying and sintering the ore is situated. The 
name Felton was selected for the principal town in honor of 
Edgar 0. Felton, the President of the Pennsylvania Steel Oo., 
of which the Spanish-Ameriean Iron Oo. is a subsidiary 
corporation. 

The nodules produced are stocked under a traveling-bridge 
at the wharf in position for prompt loading with grab-buckets 
into vessels for shipment to the United States. 

The common labor employed comes principally from the 
northern provinces of Spain. Many Cuban mechanics and 
laborers and a few Jamaicans are also employed. There is, ot 
course, quite a colony of American engineers, clerks, mechanics, 
and others holding positions of responsibility. 

The mining settlement, Woodfred, so named in honor of the 
President of the Maryland Steel Co., is magnificently situated 
on the ridge of Mayari mountain, overlooking the beautiful 
Mayari valley, studded with royal-palm groves and tobacco- 
fields, and, in the distance, the sugar-cane fields of the Uipe 
Bay Co. along the shores of lilipe bay and Banes bay. . 

The contour of the ground at the point where excavations 
were begun, though appearing to be quite regular, is not ideal 
for steam-shovel operation. The depth of ore is not uniform, in 
many places the underlying rock projecting far up into the ore, 
even to the surface. The general slope of the ground, even in 
tlie most nearly level places, is quite irregular. Therefore, it is 
difficult to find many places where it is possible to operate a 
steam-shovel for an extended period in a cut of economical 
depth, without including a considerable portion of the rock 
with the ore excavated. For this reason the scraper-bucket ex- 
cavators are more satisfactory as well as more economical for 
excavation, although their capacity is considerably less than that 
of the large-size shovel used. Three of these excavators are now 
at work, together with one 90-ton Bucyrus steam-shovel. The 
excavators operate 1.25-cu. yd. Page buckets, although a larger 
capacity of bucket is contemplated. The bucket swings 
through a radius of 60 ft. and without difficulty removes all 
the ore for a width of about 100 ft. down to the rock bottom, 
the projecting rock and stumps being discarded. Bach 
machine-crew consists of one operator, one fireman, and three 
pit-men. 
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As the machine works up hill or down hill continually, and 
the track alongside follows the same grade, ears can be dropped 
down by gravity to be loaded as needed, with a minimum 
amount of locomotive-service. Three heavy shifter-type loco- 
motives serve the shovel and excavators, and deliver cars to 
the head of the upper incline. Here the tracks have grades 
arranged so that cars, when the brakes are released, will run 
to the incline and the empties coming up will run off on another 
track. At present two cars are lowered over the incline at 
once, although, when, desired, three cars may be so handled. 
A brakeman travels up and down with each car to control the 
brakes at the beginning and end of the trip. 

Both inclines are operated on the tail-rope system, the main 
cable on the upper incline being 3 in. in diameter, of 6 strands of 
19 wires each, of plow steel, with a 1^-in. independent wire- 
rope center, the latter also having 6 strands of 19 wires twisted 
around a hemp core. Its breaking-strength is estimated at 
377 tons. The total length of this cable, manufactured by the 
John A. Roebling’s Sons Oo., is 7,810 ft.; and its weight ex- 
ceeded 123,000 lb. The successful manufacture, transporta- 
tion, and installation of this unusual cable in its present posi- 
tion is a feat of engineering well worthy of notice. Along the 
track, at frequent intervals, are rollers, 10 in. in diameter, for 
supporting the cable. These rollers, turned from well-seasoned 
native hard wood, are carried by a 1.6-in. axle which runs in 
simple hard-wood bearings spiked to two ties. 

At the upper end of the incline the cable passes over two 
drums, 20 ft. in diameter, set tandem, both carrying heavy gears 
which mesh with a common pinion, 58.5 in. in diameter, on a 
center line between the drums. Three halt-turns are made over 
each drum by the cable. The pinion-shaft is also the crank- 
shaft of a pair of 30- by 30-in. vertical engines which are used 
in accelerating the moving parts and to carry the cars over cer- 
tain parts of the incline where the descending loaded cars are 
too low a grade to pull the empties up a steeper grade. On 
each drum are two pairs of post-brakes operated by steam, the 
load being applied by a weighted lever acting through an ec- 
centric. The surface of the drum is lagged with hard wood 
for the brake-shoes to act upon. Grooved wooden lagging is 
also used on these drums for the cable to pass over. The 
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drums are carried on a shaft 24 in. in diameter in center, with 
bearings 21 in. in diameter. The construction of the drums 
and machinery is very massive, steel castings being used for 
almost all parts. All of this material was furnished by the 
IsTordberg Manufacturing Oo., of Milwaukee, Wis, 

The machinery-house is 221 ft. back from the head of the 
incline in order to provide for the cross-over tracks from either 
incline track to load and to empty track. Spring-switches are 
used except one, which is free, being thrown by empty cars 
coming up to the correct position for the next loaded cars 
going down. Safety-switches are located on the mine-railroad, 
and at the head of the incline, to prevent damage by cars 
running away. 

The contour of the upper incline, starting from the top, is 
as follows : 

582 lin. ft. on 25-per cent, grade. 

2,175 lin. ft. on 17-per cent, grade. 

1,917 lin. ft, on 6-per cent, grade. 

1,829 lin. ft. on 25-per cent, grade. 

At the foot of the last slope the contour ends in a parabolic 
vertical curve 700 ft. long, connecting the 25-per cent, grade 
with the 1.4-per cent, grade. An indicator in front of the oper- 
ator in the machinery-room shows the position of the ears 
during the trip. In addition there is a complete electric-bell 
signal-system and an independent telephone-line to provide for 
communication between the top and bottom of the inclines. 
The main rails on incline are 100 lb. per yard. Between 
these is a harney-car track of 36-in. gauge, using 56 lb. per 
yard rails. 

The connecting railroad from the foot of the upper incline to 
the top of the lower line is arranged with suitable cross-over 
tracks so as to facilitate handling the ears up and down by one 
locomotive, which is of the same type as those used on the mine- 
railroad. Gravity-tracks at both ends provide for handling 
ears to and from the inclines. 

The lower incline, arranged exactly the same as the one 
above, is 1,960 ft. long, with a uniform 26-per cent, grade end- 
ing at the bottom in a long vertical curve. The cable used is 
of the same diameter as the upper incline cable, in order to 
keep the machinery details uniform, but, as the length and 
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weight of cable are much less, it is made of cast steel instead of 
crucible steel, and has hemp center instead of an independent 
wire rope. 

At the foot of the lower incline is the Piedra Gorda gravity- 
yard, where loads are made up into a train by gravity, and 
empties, taken from train by a switch-back arrangement, are 
run to the foot of the incline. Fig. 2 is a view from the top 
of the lower incline, showing the Piedra Gorda gravity-yard. 
The main-line railroad leads off to the right, towards Felton. 
The Mayari valley and Nipe bay are shown in the background. 

The main-line railroad from Piedra Gorda yard to Felton, 
first-class in every respect, is single track, 90-lb. A. S. C. E. 
standard rails, laid on native hard-wood ties, ballasted "with 
rock. The locomotive which handles the trains on the main 
line is of the consolidation type, with leading truck and trailer- 
wheels, cylinders 19 by 24 in., capable of hauling a 46-car train 
of ore, weighing about 3,200 net tons, from Piedra Gorda to 
Felton. The maximum grade is 0.5 per cent, in favor of loads, 
and the maximum curve is 6°. All bridges are of steel. 

At Felton, the terminal on INipe bay, the trains, after weigh- 
ing the cars, are delivered to a track on the west side of the 
raw-ore yard, where one side of a car rests on a sill wall. A 
plan of the works at Felton is given in Fig. 3, and Fig. 4 is a 
section through the raw-ore yard and the feed-end of kilns, 
looking north. The full length of the yard is 750 ft. Two 
electric gantries carrying trolleys with 6-ton grab-buckets cover 
this distance and handle the ore from the yard to the kiln- 
feeders. 

The gantries also carry machinery for dumping the ore-cars. 
A pair of hooks, suspended from hoisting-drums, are guided by 
means of “ tag lines ” so as to engage with pins in the door on 
the front side of the car. In raising, the door turns about 
hinge-pins situated on the back side of the car so that when 
the door is raised to its full height, through about 90°, its frame 
is in position to serve as a link in lifting the back side of the 
car-body off of the under-frame through a sufficient angle to dis- 
charge its load over the sill-wall on which the front of the 
car-body rests. As a rule, cars will dump when raised to 45° ; 
or perhaps a little higher, if the ore is particularly wet and 
sticky. 
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The nodulizing-plantjlocated on the east side of the raw-ore 
yard, consists of 12 rotary kilns, 10 ft. in diameter, and 125 ft. 
long, set at an inclination of | in. per foot, and 20 ft. apart. 
The kilns are of the type commonly used in the manufacture of 
cement. The diameter, however, is unusually large in order to 



overcome trouble from ringing-up in the hot zone, which 
often causes serious delays in the operation of kilns of smaller 
diameter. Each kiln is carried by two steel tires rigidly 
fastened to the shell. The cut-steel driving-gear attached to 
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the shell close to the tire near the cold end is 152.78 in. in 
diameter, and 4 in. in pitch. Each kiln is driven by a 35-h-p. 
variable-speed motor. 

To protect the kiln-drive motors from heat and dirt, they are 
placed in a tunnel of reinforced concrete, running from end to 
end of the kiln-building. Belts from the motors pass through 
slots in the side-wall of the tunnel to the pulley on the driving- 
gear. A fan at each end of the tunnel supplies fresh air. 

The kilns are lined for 85 ft. from the hot end with 9-in, 
fire-brick; the remaining 40 ft has a 6-in lining. At the 
upper end each kiln opens into a brick hood connected to the 
stack, 78 in. in diameter, and 90 ft. high above the center of 
the kiln. 

The device for feeding the raw ore into kilns is very simple 
and effective. A table 19.5 ft. in diameter is revolved at a 
speed of about one revolution per hour. One side is kept filled 
with ore by a grab-bucket on the raw-ore yard gantry, the can- 
tilever extension of which covers the feeder-table. Under the 
edge of the kiln side of the feeder-table is a wide hopper end- 
ing in a chute set at a steep angle. The ore is gradually and 
regularly plowed off the table by a fixed deflector, which makes 
an acute angle with the direction of motion of the ore on 
the table. The ore falling through the chute is delivered to 
the kiln several feet from the end. 

The sintered ore in the form of nodules falls from the delivery 
end of the kiln to an open cast-iron chute set at an angle slightly 
steeper than 30®. This chute passes under the floor, delivering 
the nodules outside of the building into a trough 12 ft wide 
and 9 ft. deep below the end of the chute. This trough ex- 
tends the full length of the kiln-building, 240 ft, A small 
stream of water runs down each trough with the nodules, facili- 
tating the motion and furnishing the water for cooling. A 
pump is provided to remove any excess of water in order to- 
maintain a depth of 8 or 9 ft. in the trough. A 7.6.ton over- 
head electric traveling-crane, carrying a man-trolley with 3-cu. 
yd. grab-bucket, is provided for removing the nodules from 
the trough and loading them into 60-ton electric transfer-cars 
on the track passing alongside of the trough. 

On the north side of the kiln-building the coal-pulverizing 
plant is located. Coal is brought from the wharf in the same 
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trEnsfor-cRrs rs Rro usod for ronioving nodulos. It first pRssos 
through a Bradford breaker and a roll-crusher, which break it 
down to 0.75-in. size and less, at the same time removing the 
foreign materials. Crushed coal is taken from the crusher by 
an 18-in. belt-conveyor to the 150-ton storage-bin. From the 
bottom of this bin the coal runs into two rotary driers 48 in. 
in diameter, 30 ft. long, in which it is dried to 0.5 per cent, 
or less of moisture, in order to be in condition for pulverizing. 
The dried coal is elevated by a bucket-elevator to a small bin, 
which feeds to four 42-in. Fuller-Lehigh pulverizers placed in 
two pairs on either side of the screw-conveyors into which the 
pulverized coal falls from the bottom of the pulverizers. Motors 
for driving the Fuller mills, driers, elevators, and conveyors 
are placed in dust-proof brick buildings on either side of the 
main building; the shafting extending through the walls carries 
the driving-pulleys. 

The pulverized coal from the screw-conveyors under the 
mills is taken by bucket-elevators to a 16-in. screw-conveyor 
about 800 ft. long, with an opening in the bottom for supplying 
the coal to small bins opposite each kiln. The bottom of each 
bin forms a hopper for a short screw which feeds the coal regu- 
larly to the low-pressure burners. 

The blast, 9 oz. pressure at the nozzle of the fan, is supplied 
by four Buffalo blowers, situated in a separate building to the 
east of the kiln-building. -All blowers deliver into a com- 
mon pipe, which passes over the nodule-crane runway, down 
into the kiln-building, and to the various kiln-burners. 

At the wharf is a stock-yard 1,000 ft. long, covered by two 
electrically-operated ore-bridges, one carrying a 15-ton trolley 
and grab for handling ore ; the second a 6-ton grab to be used 
principally for unloading coal and also as an auxiliary ore- 
bridge. Both bridges have a main span of 175 ft. and a canti- 
lever extension on the water-side 90 ft. long, to the end of 
which is hinged an additional 60 ft. to carry the trolley out 
over the hatches of vessels in loading ore or unloading coal. 
The latter extension or boom is arranged to, be lifted to clear 
the ships’ upper works in moving from hatch to hatch. Fig. 5 
is a section of the ore- and coal-storage yard, looking south. 

The construction at the water-front is somewhat unusual. 
Close to the front leg of the bridge, and parallel to its runway. 
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is a trestle extending over one side of a trough. A transfer-car 
brings the nodules from the nodulizing-plant, and discharges 
from one side into this trough in position to be readily loaded 
into the vessel, or to be moved back to storage under the main 
span of the bridge by the grab-buckets. The bottom of the 
trough is 1 ft. above high tide. Its outer wall is formed by 
planking spiked to a row of piles. All of this constructioUj 
being above the water-line, is not subject to damage by the 
teredo navalis. From the outside of the trough-wall the bottom 
drops off at an angle of 46° to 28 ft. deep at the fender-line, 
which is approximately under the hinge of the boom of the 
bridge. 



(Looking Sooth). 

Considerable dredging was necessary in order to provide a 
suitable harbor. A basin 1,600 ft. long, 200 ft. wide at each 
end, and 400 ft. wide at the widest point, was dredged to -a 
depth of 28 ft. The approach-channel, 2,500 ft. long and 200 
ft. wide, was dredged to the same depth. Felton, on Oagi- 
maya bay, a well-protected branch on the south side of Nipe 
bay, close to its entrance, has proved a very safe and satis- 
factory harbor. 

As a part of the Felton plant a large repair-shop has been 
installed, with ample machine-tool equipment, foundry, black- 
smith-shop and car- and boiler-repair equipment. The main 
floor and the yard on the west end are covered by a 30-ton 
overhead electric traveling-crane. All except the smallest 
machine-tools are individually driven by electric motors. A 
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well-arranged lavatory and toilet-room is provided for the com- 
fort of the employees. The building covers a space 120 by 
260 ft. In a separate building is a carpenter- and pattern- 
shop, 40 by 90 ft., containing a saw-mill. Hear the machine- 
shop is a general warehouse, of steel, 70 by 150 ft., included in 
which is a bonded warehouse for the use of officials of the 
Cuban Custom House. 

Hear by is the electric power-plant, in which are installed 
three 500-kw., 250-volt, D. C. Crocker-Wheeler generators. 
Steam is furnished by two batteries of Babcock & Wilcox 
boilers, each of 880 boiler h-p. capacity, operating at 150 lb. pres- 
sure. The engines are cross-compound Wisconsin Corliss, 
with cylinders 20 by 40 by 42 in. Weiss barometric condensers, 
with auxiliary pumps, complete the equipment. Coal is de- 
livered to a bin at the west end of the building by the electric 
transfer-car ; from this bin it is taken by conveyor to a crusher, 
and subsequently elevated and conveyed to an overhead sus- 
pended bunker, under which is a chute for feeding the hoppers 
of the stokers. Ashes are handled by an elevator and delivered 
to a ear on a track alongside of building. All the plant build- 
ings are of substantial steel construction covered with corru- 
gated iron, and in most cases having a concrete floor. 

To provide accommodation for employees, towns have been 
established at Felton and at Woodfred. The Felton establish- 
ment includes two hotels, three fondas or eating-houses, a 
steam-laundry, bakery, general store, butcher-shop, ice-plant, 
and many dwelling-houses of different grades. The general 
water-supply comes from the Mayari river, which is crossed by 
main-line railroad, about 11.5 miles from Felton. At this 
point water is pumped to a tank on the top of a nearby hill, 
from which it flows by gravity through an 8-in. pipe-line to 
Felton. 

At Woodfred a well-equipped hospital has been established 
under the care of a competent physician and surgeon. Its 
situation, on top of Mayari mountain, is ideal for the purpose. 
The branch hospital at Felton cares for accident eases and is 
used also as a dispensary. Sanitary conditions, both at Felton 
and at Woodfred, are carefully guarded, so that the percentage 
of sickness among employees is very low. 

In addition to the wharf for the receipt of coal and the ship- 
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ment of ore, there is a pier coiistracted of creosoted pine, 1,700 
ft. long, to a point where 25-ft. depth of water is reached. 
This pier is used for the receipt of general merchandise and 
machinery, and for local passengers. 

Transportation of ore and coal is handled at present by 
chartered steamers, ore being delivered to the Maryland Steel 
Co. at Sparrow’s Point, Md. 

Nipe bay is a growing sea-port, with weekly communication 
with ISTew York by the Royal Mail Steam Packet Steamers. 
It is also served by the bi-weekly service of the Munson line. 
It lies on the north coast of Cuba, almost directly north of 
Santiago de Cuba. The ISTB. trade-winds, which blow per- 
haps from 60 to 80 per cent, of the time, moderate the tempera- 
ture and make this part of Cuba quite a desirable location for 
an American colony. 

The Spanish- American Iron Co. is also operating the hard- 
ore mines of the Daiquiri group, on the south coast of Cuba, 
about 15 miles east of Santiago. The main ore-property at 
Daiquiri, once considered as three separate mines, San An- 
tonio, Lola, and Magdalena, has now developed into a prac- 
tically continuous body of ore. Pig. 6 is a view of the Lola 
mine. In this view the ore can easily be distinguished from 
the waste by its darker color. Pig. 7 is a side-view of Lola 
hill, showing the San Antonio mine in the center, and the 
Lola stripping higher up. The waste-banks are on the right 
and the ore-lowering inclines on the left. Both the ore 
and the over-burden are removed from a series of benches. 
Fourteen steam-shovels are employed for stripping, the largest 
of which is a 90 -ton Marion carrying a 4-yd. dipper. All 
are served by locomotives and trains of side-dump cars for 
removing the rock to waste-banks on the back side of the 
hill. 

On account of rock being mixed more or less with the ore, 
it is necessary to load all of the ore by hand into small cars, 
which are run to lowering-inclines. These inclines carry the 
ore in skip-cars to the main-line railroad, which runs from the 
foot of Lola hill to La Playa, the shipping-port at the coast, 4 
miles from the mines. 

A hoisting-incline is provided for raising coal, machinery, 
and general supplies from the main-line railroad to any level of 




Fig. 6. — Lola Mike, Daiquiri Gboup. 



Fig. 7. — Side-View of Lola Hide, Daiquiri. 
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the mine. A modern air-compressor plant is situated along the 
railroad near the San Antonio mine, and a pipe-system is 
arranged to furnish compressed air for tunnel-exploration and 
for general service to any part of the mine. Steam-drills are 
used in principal bias ting- work. 

Ore is also brought from the Berraco and Sigua groups of 
mines, located to the east of Daiquiri, over a narrow-gauge 
railroad joining the standard-gauge main-line about 2 miles 
below Daiquiri mines. Before shipment, all of the ore is 
crushed in a Gates crusher-plant to sizes suitable for use in the 
blast-furnaces. 

Exploration- work is carried on very systematically and care- 
fully at Daiquiri. That this has been successful is shown by 
the fact that for years the ore in sight by very conservative 
estimate at the end of each year is more than at the beginning, 
although half a million tons or more of ore are mined an- 
nually. 

The Daiquiri and the Mayari •mining-operations are carried 
on by independent organizations, each plant having a complete 
repair-department, laboratory, and office force, all under the 
general supervision of Charles E. Rand, President, and Jen- 
nings S. Cox, Jr., General Manager. General offices are main- 
tained in Philadelphia, Pa., and Santiago de Cuba. 


The Preparation of Brown Iron-Ores. 

BY H. S. GEISMER,* BIRMINGHAM, ALA. 

(Wilkes-Barre Meeting, June, 1911.) 

Introduction. 

There are three general methods available for obtaining 
commercial brown iron-ore: hand-screening; washing; and 
washing and concentrating. 

Hand-screening has produced a large tonnage of ore in the 
past, but is rapidly falling into disuse, except as a preliminary 
step, largely because modern furnace-practice requires all for- 
eign material to be separated from ores before they are deliv- 

* Keiser-Geismer Engineering Oo. 
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erecl to the furnace, and haiid-soreened ores can rarely be made 
to fulfill that requirement. Another argument against hand- 
screening is, that the waste-pile often contains as much ore as 
the screen recovers. The operation known as hand-screening 
consists of throwing the ore-bearing material against a sta- 
tionary inclined screen of 0.6- to 0.75-in. mesh, similar in con- 
struction to the screens employed in sand-pits. 

The recently-prospected brown-ore deposits of Cuba seem 
to offer possibilities for hand-screening not possessed by the 
average American deposit, since these ores are not associated 
with worthless clays. 

Washing, and washing and concentrating, may be discussed 
together, since coneentrating is never practical on brown iron- 
ore, except to treat ores that have already been washed. 
(Strictly speaking, washing might be classed as concentrating, 
but it is never so designated by brown-ore men.) 

The various steps of removing ore-bearing material and con- 
verting it into ore suitable for blast-furnace use, may be grouped 
under five heads : loading for transportation ; transporting ; 
feeding into the washer; washing; and concentrating. These 
five subjects will be considered in consecutive order. 

Each of these successive steps may be accomplished in a 
number of different ways, the choice depending entirely upon 
the character of the ore-bearing material to be treated. 

Brown-ore deposits vary in character : 

а. As to size of the ore-fragments — which may vary any- 
where from gravel to boulders weighing tons. 

б. As to material with which the ore is associated — clay, 
sand, loam, gravel, and chert are all to be classed as ore-bear- 
ing material. 

c. As to richness of deposits — one yard of ore-bearing mate- 
rial may yield one ton of ore, while another yard may yield 
but a thimbleful. 

d. As to thickness of deposit — anywhere from blanket de- 
posits a few feet in thickness to concentrate deposits several 
hundred feet thick. 

6. As to quality of ore — anything from pure limonite to fer- 
ruginous sandstone. 

/. As to origin — ^you may choose between “residual,” “re- 
placement,” and “concentrate;” no matter which of these terms 
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seems to fit your particular deposit, there will he plenty of 
geologists ready to convince you that your conclusions are 
erroneous — and perhaps they are. But this question need not 
be considered in the present inquiry. 

I. Loading. 

All the methods for loading and transporting earth and rock 
are applicable at times to the difierent classes of brown-ore de- 
posits. Those most used are : loading with pick and shovel into 
wheel-barrows, dump-carts, and wagons drawn by mules, horses, 
or oxen, or tram-cars, drawn by animals or dinkeys ; loading 
w'ith steam-shovels into drop-bottom wagons, tram-cars, or side- 
dump cars of various styles and capacities, from 1 to 12 cubic 
yards. 

The greatest difference between the loading of brown-ore 
dirt and that of earth for railroad-building or similar purposes, 
is that the brown-ore material cannot always be loaded blindly, 
but requires careful handling to prevent mixing the ore-bearing 
material and the worthless rock with which it is often found 
intimately associated, and which cannot always be separated 
from the ore by washing. This consideration often eliminates 
the steam-shovel as a loading-device in ore-banks that would 
be otherwise well adapted to that style of loading; and in- 
stances are not rare in which washers fed by steam-shovels 
have been abandoned on account of the low quality of ore pro- 
duced, and at a later date have been successfully operated under 
management that substituted hand-loading for shovel-work. 

Brown-ore deposits are often buried under blankets of worth- 
less clay and sand that require to be stripped off before the ore 
can be recovered. For this class of “ stripping ” the steam- 
shovel is admirably adapted, and the foregoing remarks con- 
cerning the care needed to separate ore from foreign material 
when loading with shovel do not here apply, since the line of 
separation between the ore-bearing material and the over- 
burden is well defined. It is generally advisable to carry on 
such stripping in advance of the mining. The various types of 
“ drag-line excavators ” now manufactured present great possi- 
bilities in connection with stripping-operations, especially where 
large lean and barren areas have been letft surrounded by deep 
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cuts, and subsequent operations require the wasting of these 
abandoned areas, to permit of mining the ore which lies at 
deeper elevations. 

The steam-shovel is usually a losing proposition/^ if used 
in mining shallow deposits. Outs under 5 ft. in depth can be 
handled more economically by hand, unless the deposit consists 
of ore-masses too large for hand-loading. This mention of 
large masses suggests another manner in which the steam- 
shovel may interfere with the output of a washer. I refer to 
the tendency to load with the shovel-dipper masses larger than 
the crusher at the washer will handle, necessitating extra labor 
and costly delays. The economical place to break down large 
lumps is in the ore-bank, where dynamite can be used freely ; 
but the irresistible tendency in steam-shovel work is to load 
anything that can be handled by the dipper. It would, of 
course, be possible to install crushers capable of receiving any 
boulder that could be loaded into a shovel-dipper; but, except 
in rare instances, the cost of such crushers would be prohibi- 
tive for brown-ore plants. 

In districts where steam-shovels are used to advantage, great 
variations are noticeable in the type of shovels employed. This 
generally indicates that at various times the financial standing 
of the different operators has varied; and the date on the 
name-plate of the largest shovel will probably coincide with 
the date of the best-filled treasury. The tendency in brown-ore 
mining is towards larger shovels with standard-gauge railroad- 
trucks. The old argument that widely-separated deposits at 
varying elevations require light-traction shovels that can be 
more easily moved about, is now answered with, small, widely- 
separated deposits do not require steam-shovels at alL’^ 

The light revolving type of steam-shovel was, for a tim^, 
very popular in brown-ore work; but, except for following 
narrow leads of ore, it cannot compete with the large standard 
type of equipment. The operating-costs are nearly the same 
with the large and small shovels, while the outputs are almost 
Rs two to one. 


II. Transporting. 

The system of transportation to be adopted is regulated 
largely by the method^ employed for loading the ore, but each 
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system may permit of variations that may involve startling 
results. For example, a deposit made up of small scattered 
pockets, lying at widely-diflerent elevations, can only be loaded 
by hand-labor. This would suggest transportation by wagons 
or mule-carts ; but, owing to the depth of some of the pockets, 
the grades become too steep for mule- or horse-travel; oxen 
are substituted, and no further trouble is experienced. Again, 
a change in car-design, where self-dumping cars are employed, 
may greatly affect the economy of transportation. 

The richness of a deposit needs small consideration in plan- 
ning the method for loading, but it has a marked effect on the 
cost of transportation. The cost of transportation per ton of 
ore produced will depend upon two conditions : the richness of 
ore-bearing material (number of cubic yards of material re- 
quired to produce one ton of ore) ; and the length of haul from 
ore-bank to washer. The first is dependent on natural condi- 
tions. If the deposit is so lean that transportation by any 
known system is economically impracticable, there is nothing 
left to do but abandon the property. The second is largely 
dependent upon individual judgment in choosing the location 
for the washer. Present practice seems to favor a large cen- 
tral washing-plant, fed by a number of scattered ore-banks, in 
contrast to a small washer, located at each deposit. This prac- 
tice lowers the actual cost of washing the material, but in- 
troduces an excessive transportation-charge that very often 
more than offsets such saving. 

The thickness of a deposit may limit the choice of systems 
of transportation that can be adopted. For example, a thick 
deposit of small area can only be followed down by means of a 
hoisting-engine in connection with an incline or shaft. 

The method adopted for loading the ore-bearing material 
may determine the system of transportation required. Me- 
chanical loading, for example, requires mechanical haulage. 

Where dinkeys and side-dump cars are used for transportar 
tion in connection with shovel-loading, it is generally advisable 
to have this equipment and the shovel of standard-gauge 
design ; this allows great flexibility in the shifting of the equip- 
ment, besides making it possible to handle railroad-equipment, 
such as car-loads of coal, to any point of the operation. 

In connection with shovel-loading, the transportation requires 
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careful watching. Unless the shovel can be kept at work con- 
tinually it will not show a satisfactory cost; and the only way 
to accomplish this is so to arrange the system of transportation 
that the shovel-loading track is always supplied with empty 
cars. 

III. Feeding the Material into the Washer, 

When the ore-bearing material arrives at the washer it is 
dumped on to a grizzly, made up of parallel iron bars or rails 
with 8-in. openings between them. The tine material which 
falls through the openings passes directly into the log-box or 
falls into a mud-box and is carried to the log-box hy a tiume. 
The coarse material rejected by the grizzly may be handled in 
several different ways : broken down with hammers, as it rests 
on the grizzly-bars, until it will pass through the openings; or 
carried down the grizzly-bars (this requires that the bars be set 
at an inclination of about 80°), and delivered into a crusher, 
from which it passes into the log-box ; or delivered from the 
end of the grizzly-bars directly into an overhead screen, the 
fines passing through the screen into the log-box while the 
coarse goes directly into the loading-bin. 

The output that can be obtained from a washer is often lim- 
ited directly by the amount of material that can be handled 
through the grizzly; and yet, in most instances, little attention 
is paid to the grizzly design, either as to the area required for 
it or the manner of delivering material to and from it. 

To design a grizzly properly, two determinations are re- 
quired: (a) the size of the ore-jfragments as delivered to the 
grizzly; and {b) the character of ore-bearing material (mud, 
clay, sand, gravel, etc.) delivered upon the grizzly with the ore. 

When the ore occurs principally as large dornicks,'^ the 
grizzly-area must be large. If the grizzly-bars arc horizontal, 
a large number of men will be required to hammer the lumps 
through, and if they are inclined, the material must be spread 
over a large area, to prevent the lumps from blocking the open- 
ings. A nozzle, delivering water at about 100 lb. pressure, is 
of great service in separating the fine material from the coarse 
and forcing the fines through the bars. 

If the ore occurs in small pieces, varying in size from gravel 
to cobblestones, imbedded in stiff clay, the grizzly must be 
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designed to effect a partial breaking-down of the clay mass, or 
the resulting product at the washer will consist largely of clay 
balls. This can best be accomplished by the use of giant noz- 
zles. However, it is not always possible to separate the ore 
sufficiently from the clay; and a good many rich ore-deposits 
are not workable because of this fact. 

If the ore-bearing material as delivered to the grizzly con- 
tains a considerable quantity of soft, nearly-decomposed sand- 
boulders, opportunity must be afforded to separate them from 
the material being delivered into the logs; for, when once in 
contact with the logs, they are quickly broken up and can then 
only be separated from the ore-product by jigging. 

In connection with the delivery of ore-bearing material from 
the grizzly to the washer, the possibilities of a flume are often 
overlooked. A flume not only oflPers a cheap and convenient 
method for transporting the material between these two points, 
but is also of considerable advantage to the washer. In fact, 
some ores require no further treatment than to be made to 
travel several hundred feet down a gravity-flume. A metal- 
lined flume requires a minimum inclination of 11°. 

IV. Washingi. 

The ordinary log-washer of the ground-hog ’’ variety is 
probably not a curiosity in any State of the Union; nor should 
we marvel at this, when we consider its wide usefulness, coupled 
with its history, which dates back to ancient Q-reece. The so- 
called “ modern ” washing-plant differs little from the earlier 
variety as regards log-design, the difference being mainly 
noticeable in the accessories that have been added; nor are 
the results obtained in these modern plants always entirely dif- 
ferent from the results obtained in the less pretentious old 
ones. In too many instances, the modern plant is simply a 
copy of a neighboring successful one, and while the original 
design may have required all the extra trimmings, the latter 
plant did not ; and it is quite possible that the trimmings effect 
a waste rather than a saving. 

The flow-sheet for a complete plant would show the fol- 
lowing : 

All material is delivered into a revolving conical overhead 
screen. The oversize passes out at the end of the screen on to 
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a picking-belt, from which it is delivered into a crusher, thence 
on to another picking-belt, and then directly into the railroad- 
cars or storage-bins. Very often the crusher is omitted, and 
the material passes from the overhead screen on to a picking- 
belt, and is delivered to the loading-bins. The undersize from 
the overhead screen passes directly into the lower end of the 
log-washer. During the passage along the logs, most of the 
loose dirt is separated from the rock-material and flows out at 
the lower eud of the logs with the water overflow. The rock- 
material passes out at the upper end of the logs and is delivered 
into a sand-screen. The oversize from the sand-screen passes 
on to a picking-belt for delivery into bins or railroad-cars. The 
undersize is either sluiced to jigs for treatment, or is carried 
away with the waste water. 

As a rule, the proper functions of the various accessories do 
not receive proper study; and, when once installed, they are 
operated continuously, even though they may be responsible 
for useless waste. The work that each part of the washer- 
equipment may be expected to accomplish is not necessarily 
shrouded in mystery, and the limitations of each are easily 
determined. 

Overhead Screen . — The principal object of this screen should 
be to eliminate from the washer-feed all material that is too 
large to be handled by the logs. It is true that in passing 
through this screen much dirt may be separated from the large 
boulders by means of numerous nozzles delivering water under 
pressure, but it is also true that this dirt w'ould be more effec- 
tively removed could the dornieks be handled in the wmaher. 

If the ore-material carries a large proportion of sand-boulders, 
the screen is of great advantage, since it cleanses these boulders 
and permits them to be easily detected by the picker-boys be* 
fore they reach the crusher. 

In some deposits the large lumps of ore are comparatively 
“ close-grained ” (in contrast to the honeycomb structure gen- 
erally characteristic of ore-boulders), and a thorough rinsing is 
all that is required to make them marketable ; with such de- 
posits the overhead screen will increase the capacity of the 
washer considerably, as it can be arranged to handle all of the 
lump-ore, leaving only the fines for the logs. 

If the ore-bearing material consists largely of loam and sand, 
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the overhead screen will be very effective. On the other hand, 
if the material consists of small ore-particles imbedded in clay, 
which tends to concentrate into clay balls, the screen cannot be 
depended upon to effect a separation, and may produce great 
waste of ore. The explanation is, that the clay, in balling 
up,’’ carries with it most of the ore-particles; and, since the 
balls produced are too large to pass through the screen, they 
are delivered from the end of the screen on the picking-belt 
and are then thrown away by the picker-boys. Or, if they are 
not thrown away, their clay-content will materially affect the 
resulting ore-analysis. The best way to overcome this diffi- 
culty is to abandon the overhead screen temporarily at least, 
and pass all of the material through the logs. 

Log-^Yashers , — The function of the log is usually overesti- 
mated. Logs, if properly designed and erected, will eliminate 
from all classes of rock-material, clay, loam, and sand. They 
will not separate pyrites, quartz, and limestone from ore. Yet 
logs are continually being erected to handle material that con- 
sists of one-fourth ore and three-fourths useless rock. 

Almost the only change effected in the design of logs during 
the past 1,000 years is the substitution, to a limited extent, of 
steel for wood. Each type has its advantages. The steel log 
is higher in first-cost, but in permanent plants its longer life 
will offset this difference. Its principal disadvantage is, that it 
does not permit the variations in lug-spacing so effectively 
employed with wooden logs when the character of the material 
handled changes suddenly. The principal disadvantage of the 
wooden log is, that it is liable to break if overloaded with large 
dornicks, and, at best, is short-lived. In some localities it is 
impossible to obtain timber suitable for logs. 

In the manner of driving log-washers, recent practice has 
substituted intermediate friction-drivers to eliminate breaking 
pins,” or, worse still, breaking gears. 

To obtain satisfactory results from any type of log-washer an 
adequate supply of water is an absolute necessity. 

Crushers . — Crushers may be installed to accomplish any one 
of three things : 

1. Eeducing dornick ore to a size considered satisfactory by 
the furnace-manager who buys the ore. This may be anything 
from 1-in. ring to 6-in. ring. 
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2. Reducing dornicks of the honeycomb type to permit their 
being effectively handled in a log-washer. The cavities in ore 
of this type are filled with clay; and unless they are broken 
down into small sizes the clay cannot be eliminated by the 
washer. 

The following figures show the effect of installing a crusher 
between grizzly and washer at a plant operated by me several 
years ago. 

Average of Ore Loaded in Bmlroad-Cars. 



Before Installing Crusher. 




Metallic Iron. 

Silica. 

Alumina 


Per Cent. 

Per Cent. 

Per Cent 

Aug. 4, 

. 44.33 

16.32 

4.02 

Aug. 11, 

. 48.37 

11.44 

3.09 

Aug. 19, 

. 44.48 

16.80 

4.28 

Aug. 26, 

. 46.74 

13.90 

4.30 


After Installing Crusher. 




Metallic Iron. 

Silica. 

Alumina. 


Per Cent 

Per Cent. 

Per Cent 

Sept. 4, 

. 48.21 

12.04 

3.61 

Sept. 11, 

. 49.11 

10.76 

3.60 

Sept. 18, 

. 47.77 

12.50 

3 80 

Sept. 25, 

. 49.80 

11,52 

3.78 


3. Crushing breccia dornicks, consisting of loosely-cemented 
fragments of rock and ore, to a size that will allow them to be 
fed into jigs. Deposits that would be materially benefited by 
such treatment are rare, and very careful experiments should 
be made before installing a crusher for such duty. 

Sand-Screens , — Most of the sand contained in the material 
delivered to the log-washer passes along the logs and is deliv- 
ered with the ore-product. This has led to the practice of 
passing all material from the washer-discharge into a revolving 
screen made of wire cloth about |-in. mesh. A stream of 
water playing on the inside of this screen forces most of the 
sand out. It also forces all the ore fines out; and, in many 
plants, investigation reveals the fact that the material passing 
through the sand-screen is superior to that recovered. Con- 
stant sampling of the tailings from any washer is always to be 
recommended. If the tailings contain a large percentage of 
ore, and yet are too siliceous to be marketable, the feasibility 
of recovering the ore by means of concentrators should be in- 
vestigated. When jigging is employed, all of the material 
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passing through the sand-screen should be delivered to the jigs 
for treatment. This permits variations in the size of openings 
in the sand-screen ; and careful experiments are required to 
determine just what size of material should be allowed to pass 
through the screen into the jigs. In most deposits, material 
that will be rejected by screens having 1.5-in. perforations is 
not materially benefited by jigging. 

Picking-Belts. — ^Picking-belts, as the name implies, are slow- 
moving conveyors of any description that afford opportunity to 
pick out clay balls and worthless rock from the ore-product as 
delivered by the washer. If the ore is crushed before being 
delivered to the washer, picking-belts are generally installed 
to feed the crusher. To be effective, all of the material on the 
belt must be thoroughly rinsed by numerous sprays before 
passing the picker-boys; otherwise the material is liable to be 
so covered with mud that it is impossible to distinguish be- 
tween the ore and refuse. Picking-belts are worthless unless 
manned by a suflicient number of competent pickers to sepa- 
rate tlie waste material daring its passage between washer and 
bin ; yet such belts are often turned over to one or two boys 
without farther thought or supervision. 

The greatest opportunity afforded for improvement in the 
methods now practiced at brown-ore washers would seem to 
be in connection with these picking-belts. Attachments mak- 
ing it possible to replace with mechanical separation the present 
unreliable hand-picking will undoubtedly be perfected in the 
near future. 

V. Concentration. 

For concentrating brown ore (beyond the results that may 
be obtained in a washer) three means are available, although 
only one (jigs) has been adopted to any great extent. I refer 
to jigs, reciprocating tables, and magnetic and electrostatic 
separators. 

The effectiveness of concentrators is dependent on three 
things : the size of the ore ; the material with which the ore is 
associated ; and the quality of the ore. 

If the crude ore, as delivered on board cars, contains a large 
amount of fines, say from 1 in. down, and it appears that these 
fines contain a considerable amount of siliceous material, the 
substitution of a 1-in. mesh screen in place of the fine mesh 
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standard sand-screen, and the subsequent concentration of the 
fines from the screen, will probably be advisable. 

If the ore-product consists largely of breccia, made up of 
sand, rock, and ore, crushing and subsequent concentrating 
may eliminate the siliceous contents. 

If the ore-product contains a large amount of galvanized 
sand-rock, which cannot be eliminated by picking-belts on 
account of its resemblance to the ore-mass, crushing and sub- 
sequent concentrating may be required. 

The waste from the ordinary sand-screen may carry enough 
ore to justify the erection of a concentrator, even though none 
of the rest of the product requires it. 

Before installing a concentrator in connection with any plant, 
complete tests should be required. Such tests in connection 
with jigs may reveal the fact that the specific gravity of the ore 
and rock is so similar that jigs are not effective; again, tests in 
connection with electrostatic separators may prove them worth- 
less for the purpose intended, because of the large silica-content 
of the ore to be treated. 

Magnetic and electrostatic separation has received very little 
attention from brown-ore operators up to the present time. 

The advantages of the reciprocating table have been also 
quite generally overlooked. 


The Sintering of Fine Iron-Bearing Materials. 

BY JAMES GAYLEY, NEW YORK, N. Y. 

(Wilkes-Barre Meeting, June, 1911 ) 

The paper presented to the Institute in 1910, by H. 0. Hof- 
man, on Recent Progress in Blast Roasting, ‘ has called the 
attention of the iron industry to the adaptability of these pro- 
cesses to the reclamation of by-products such as flue-dust and 
blue billy, and the better preparation of concentrates and fine 
ores for nse in blast-furnaces. 

The waste of valuable iron-ore through the production of flue- 
dust has increased at an enormous rate, and much of it has in 
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roality boon wRstocI as far as futturo rocovory is concoriied. Only 
in recent years lias a possible future value been recognized, 
and the material been stored. The increased use of Mesabi 
ores, which carry considerable fine ore, is principally respon- 
sible for the great increase in the production of flue-dust. The 
amount of fine material that is carried over depends on the 
fineness of the material and the velocity of the gases, and also 
to a very great extent on the regularity or irregularity of the 
working of the furnace. Attempts to recover a part of this loss 
have been made by recharging a portion of the production into 
the furnace, but as this material has been once carried out from 
the furnace, it is naturally in good shape to be carried out 
again. 

A recent practice at some works, is to soak the flue-dust 
thoroughly with water to give it more cohesiveness, but by 
many this is considered of doubtful advantage in the furnace, 
and the gases are in consequence heavily laden with moisture. 

There are vast deposits of magnetic iron-ores in the United 
States and Canada that are too low in iron for use at the 
present time, but which can be economically concentrated into 
very rich material ; in many cases the fineness of crushing 
necessary to secure proper concentration has prevented their 
use except in extremely limited quantities. The reclamation 
of these ore-bodies will add tremendously to the ore-reserves 
of the United States, and this can best be done by a simple and 
efficient method of sintering. 

Attention was directed especially to the Dwight and Lloyd 
system of sintering fine material in thin layers by internal com- 
bustion as promising to solve this problem most efficiently. 
The Dwight and Lloyd patents cover most of the simple forms 
of apparatus by which their process can conveniently be carried 
out, but the one that has given the best satisfaction in practice 
and has now been adopted as the standard is known as Type 
E,’’ or the straight-line-conveyor type^^ described by Hofman. 
As shown by Fig. 1, the machine consists essentially of a frame 
of structural steel supporting a sheet-iron suction-box, open at 
the top, over which may be pushed a train of conveyor-ele- 
ments called pallets,” each of which has a floor composed of 
ordinary herring-bone grates, and which slides on its planed 
bottom, making an air-tight joint with the horizontal top edges 
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of the suction-box on which it rests. The vertical surfaces of 
contact of the pallets with each other are also accurately 
planed, so that all joints are closed air-tight when the train of 
pallets is being pushed along. 

An exhaust-fan, connected with the suction-box by suitable 
piping, induces air-currents to travel downward through the 
openings in the pallet-grates and through the permeable nuate- 
rial resting upon them. To trap the air properly, a smooth- 
surfaced dead-plate, somewhat longer than one pallet-length, is 
bolted to each end of the suction-box. 

The movement of the train of pallets is accomplished by a 
pair of cast-steel sprocket-wheels, which serve the double pur- 
pose of lifting the pallets from the lower level and pushing them 
horizontally across the suction-box. Each pallet is provided 
with four small roller-wheels which hang idle while the pallet 
is traveling over the suction-box, but serve to carry the pallet 
on its return trip to the point of beginning. The return of the 
pallets is provided for by a pair of semi-circular discharge- 
guides, terminating in a low'ef track-way sloping downward to 
the base of the main sprocket-wheels, and continuing as semi- 
circular guides around their peripheries. The pallets, at the 
completion of their journey across the suction-box to the point 
of discharge, have their wheels engaged by the curved guides, 
and when pushed still further, beyond the crest of the curve, 
break away from the train that is pushing them, and one by 
one, drop with a sharp blow on the upturned edge of the pallet 
just preceding. This shock serves to dislodge the cake of sin- 
ter from the surface of the grates, which now stand more 
or less vertical. The train of discharged pallets, in the guides 
and on the inclined lower track-way, crowds down by its own 
weight to the foot of the main sprocket-wheel. During this 
period of their travel the pallets are upside down, which auto- 
matically tends to clean out the grate-slots. The sprocket- 
wheels lift the train of pallets to the upper level and the cycle 
is completed. 

We thus have a practically endless conveyor, any individual 
element of which can be removed for repairs and a new one 
subslituted without stopping. The circuit may, if desired, be 
made a closed one, and this arrangement has been used under 
special conditions; but, in general, it is customary to leave an 



THE SINTBRINa OF FINE IRON-BEARING MATERIALS. 183 


interval in the train of about one and a half pallet-lengths, 
which gives just about the right amount of shock. 

The speed of horizontal travel of the pallets is adjustable to 



meet varying requirements, with the usual range from 7 to 80 
in. of linear travel per minute. 

The ore-charge is automatically fed to the pallets in a thin 
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layer (from 4 to 6 in. thick) from a simple funnel-shaped hop- 
per of the same width as the pallets, hung directly over them 
at a point between the main sprocket-wheels and the suction- 
box. There being no bottom to the hopper, the material rests 
directly on the pallets and is dragged out by their movement, 
the front edge of the hopper acting as a scraper to form a uni- 
form layer of the proper thickness. 

The stream of ore emerging from the hopper passes under an 
igniting-device which kindles the combustible elements in the 
charge on its top surface, and the combustion thus started is 
carried downward through the mass by the air-currents while 
the material is passing over the suction-box. This ignition can 
be accomplished by almost any kind of flame that will give a 
quick, intense heat. The amount of heat required at this point 
of the operation is exceedingly small and the cost of ignition 
correspondingly low. The wide variety of suitable means 
makes it possible to meet almost any local requirements. 

The complete cycle of operations is as follows: A pallet being 
pushed outward tangentially from the top of the sprocket- 
wheels, passes under the feed-hopper, where it takes its load of 
ore in the form of a continuous, even layer of charge, say 4 in. 
thick. It next passes under the ignition, where the top surface 
is ignited, and at the same time the charge comes within the 
influence of the down-draft induced through the suction-box by 
the exhaust-fan. The air-currents promote rapid internal com- 
bustion of the fuel ingredients in the charge, and carry the 
action progressively downward from the top surface until it 
reaches the grates. This internally-developed heat and the 
chemical reactions consequent thereto, serve to bind the mass 
together until it becomes a coherent cake of cellular material, 
much resembling coke. The speed of the machine should be 
regulated so that the combustion- and sintering-operation is 
complete when a given pallet; has reached the far end of the 
suction-box, where the cake is discharged by the pallet drop- 
ping into the discharge-guides and striking the one just pre- 
ceding it. The empty pallets then gradually crowd back to the 
face of the sprocket-wheels, are slowly raised to the upper track, 
take their load, and make a new trip. 

This type of machine is now made in two standard sizes, one 
having a suction-box 30 in. wide by 150 in. long and a nominal 
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rated capacity of 50 tons per day; and tlie other with two suc- 
tion-boxes in tandem, having a width of 42 in. and an aggre- 
gate length of 264 in., and having a nominal rated tonnage of 
100 tons per day on average material. The area of the suc- 
tion-box is the measure of the capacity of the machine, and the 
suction-fan must be so proportioned as to maintain a vacuum 
of about 6 oz. when handling approximately 4,000 cu. ft. of 
gases per minute, this being the average volume from each 100- 
ton unit. 

Such a fan, with short and straight pipes and running at 
about 850 rev. per min., requires from 25 to 35 h-p. The sin- 
tering-machine itself consumes about 1.5 h-p., but 10 h-p. is 
usually allowed for machine, conveyors, feeds, and mixers — in 
fact, everything except the fan. 

Each sintering-unit is self-contained and occupies space ap- 
proximately as follows : 30- by 150-in. machine (so-called 50-ton 
unit) : 

Length over all, 27 ft. 

Width, . .7 ft. 

Height of top of hopper above foundation, 11 ft. 4 in. 

Units in battery may be set with 11-ft. centers. 

Weight of complete machine, approximately 16 tons 

42- by 264-in. machine (so-called 100-ton unit) : 

Length over all, 40 ft. 8 in. 

Width, . . 7 ft. 6 in. 

Height of top of hopper above foundation, 13 ft. 9.5 in. 

Units in battery may be set with centers 12 to 14 ft. apart. 

Weight of complete machine, approximately 26 tons. 

The grates are of the simple herring-bone pattern and are 
made of cast-iron. There should be very little breakage. The 
heat developed in the operation being internal to the ore-mass, 
does not cause the pallets to become very hot, and there is but 
little damage from this source. Moreover, on account of the 
extremely slow movement of the mechanism, the wear and tear 
is very small. In one plant which was in steady operation for 
two years the average cost of supplies and repairs was from 2 
to 4 cents per ton ; 5 cents per ton will easily cover all ordi- 
nary contingencies. In many ways the excellence of this par- 
ticular type of mechanism has been thoroughly demonstrated, 
and it may now be confidently stated that it is a simple, efS.- 

VOL. Xlill.— 12 



186 THE SINTEKING OE FINE IRON-BEARING MATERIALS. 

cient, and workmanlike device for carrying out this special 
purpose, and can be adapted to almost any location. 

A number of iron-bearing materials, of difterent kinds, were 
treated on this machine, and in each case with satisfactory re- 
sults. Among them were two shipments of iron flue-dust, 
which were widely different as to physical condition. One was 
the usual character of flue-dust, which I shall designate as 'No. 
1, while the other, 2, was extremely fine, 50 per cent of it 
passing through a 100-mesh sieve ; but the sintered product of 
each was not distinguishable, and both were ideal in size and 
structure for the blast-furnace. There were no large and com- 
pact masses like the product from the briqnetting-process, nor 
was the material rolled together in balls from the size of a pea 
to that of a cannon-ball, as in the revolving-kiln ; but, instead, 
the individual pieces were cellular, like open pumice-stone or 
porous cinder, which helps materially towards economic reduc- 
tion in the furnace, as a large area of contact is provided be- 
tween the ore and gases. 

In Schinz’s book,^ published in 1871, a chapter is devoted to 
“ area of contact.” The opening sentence is as follows : 

“ A chemical action can only take place between two bodies, however great 
their affinity, if they are in intimate contact with each other ; and the rapidity of 
this action will be so much greater, the more numerous the points of contact are.^’ 

In the Dwight and Lloyd method of sintering with a bed of 
material that is not disturbed or agitated during the sintering- 
operation, the sintered product is all so cellular that a large 
^^area of contact” is provided; and its reducibility is very 
great compared with the more massive agglomerated products, 
just as coke, by reason of its cellular spaces, burns more readily 
than anthracite coal, which can have only a superficial combus- 
tion. 

Although the product from the Dwight and Lloyd furnace in 
sintering flue-dust is of a desirable size for blast-furnaee use, 
yet a fair proportion of the product would be suitable for use 
in the open-hearth furnace. 

In sintering materials which do not contain any heat-pro- 
ducing substances, recourse can be had to the practice of the 


* The Action of the Blast-Fwrnace. 


THE SINTERING OE FINE IRON-BEARING MATERIALS. 187 


ancient Catalan or Corsican process, where carbon fuel was 
mixed with the ore, and which, in its lirst stage, was an agglu- 
tinizing process. In order to test the machine on this class of 
work, some magnetic concentrates were treated, after being 
mixed with 7 per cent, of coal, and the product was found to 
be satisfactory in every particular. The material was sintered 
into a coherent mass, but so open and cellular in structure that 
the mass, in discharging from the pallets, broke into very con- 
venient sizes for the furnace, and without any fines. As the 
mixture contained less carbon than the flue-dust, it was sin- 
tered much more quickly. While in the test on flue-dust, 
a travel of 12 ft. in the grate-movement was required to 
complete the sintering, the concentrates were completed in 
a travel of 6 ft. This represents, in the treatment of mag- 
netic concentrates, a greatly-increased capacity for the ma- 
chine. 

Some Cuban (Mayari) iron-ore was also treated on the ma- 
chine after being mixed with 7.5 per cent, of coal and coke in 
alternate tests, and afterwards the ore was mixed with 10 per 
cent, of coal in one test and 10 per cent, of coke in another; but 
the use of 10 per cent, of fuel did not show any advantage over 
7.5 per cent., nor were the results from coke any better than 
from coal. The sintered product resembled closely that ob- 
tained from the flue-dust; there was very little fine material, 
and, in fact, no fines that would require re-treatment. The sin- 
tered material was irregular in shape, with an average size of 
a hickory-nut. 

The following are analyses of the material treated : 


Sample. 

Fe. 

p. 


Per 

Per 


Cent. 

Cent. 

No. 1. Flue-dust, . . 

46.06 

0.194 

Sintered product, . 

67.90 

0.260 

No. 2. Flue-dust, . . 

46.43 

0.123 

Sintered product, . 

68.84 

0.150 

Magnetic concentrates, 

57.62 

0.090 

Sintered product . 

69.66 

0.110 


Car 


Mn. 

Si02. 

AI 2 O 3 . 

CaO. 

MgO. 

bon. 

Per 

Per 

Per 

Per 

Per 

Per 

Cent. 

Cent. 

Cent, 

Cent. 

Cent. 

Cent. 

0.64 

9,68 

3.00 

1.80 

0.80 

17.00 

0.66 

12.30 

3.95 

2.00 

1.20 

0.60 

0.60 

9.88 

2.72 

2.00 

1.44 

13.75 

0.75 

11.81 

3.06 

2.50 

1.71 

2.10 

0.56 

9.70 

3.43 

0.35 

0.10 

0.00 

0.60 

10.60 

4.00 

0.30 

0.10 

0.00 


Sutphur. 

Per Cent. 

Magnetic concentrates with 7 per cent, of coal, . .1.17 

Sintered concentrates, 0.006 
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Sieve-^ Test 


Sieve. 

No. 1. 
Flue-Dust 

No 2 Magnetic 

Flue Dust. Concentrates. 


Per Gent 

Per Cent. Per Cent 

On 10-mesh, 

. 14.0 

4.0 

28 0 

On 20-mesh, 

. 31.0 

1.0 

44.0 

On 40-mesh, 

. 31.0 

6.0 

15.0 

On 60-mesh, 

. 14.0 

4.0 

7.0 

On 80-mesh, 

. 3.0 

15.0 

2.0 

On 100-mesh, . 

. 3.0 

20.0 

1.0 

Through 100-mesh, . 

. 4.0 

60.0 

3.0 



Ferrous Ferric 

Iron Iron 

Total 

Iron. 



Per Cent Per Cent. Per Cent 

Ouban (Mayari) ore (dried at 212®), . 

0.63 47.80 

48.43 

•Sintered product. 

. 

9.67 44.30 

53.97 


Sieve-^Test^ Mayari Ore, Sintered, 

Per Cent 


On 2-inesh, .. 53.88 

On 4-niesh, 16.33 

On S-mesh, . . 23.35 

On 20-mesh, . . . . . 4.33 

On 40-mesh, 1.12 

On 60-mesh, 0.61 

On 80-mesh, 0 02 

On 100-mesh, 0.14 

Through lOO-mesh, 0.32 


The physical structure of the sintered product varies under 
'different conditions. Where there is a large amount of mois- 
ture and carbonaceous matter present, a corresponding shrink- 
age within the mass must take place as the volatile constituents 
are driven out, and this may cause the cake of sinter as a 
whole to break up into irregular-shaped masses or fingers. 
The smallest of these pieces, however, have a cellular structure 
like pop-corn, which is peculiarly desirable for the hlast-furnace. 
In the case of magnetite concentrates, where there is less in- 
ternal shrinkage, the sinter comes off' in slabs having an open 
structure. 

The Cuban ore being the finest, the sinter was of a smaller 
^average size than the magnetic concentrates, which were coarser 
and did not shrink so much in sintering. The fiue-dust be- 
ing coarser than the Cuban ore produced a sinter about mid- 
way in size between the fiue-dust and the concentrates. The 
cohesiveness of the material is inversely as the amount of in- 
ternal shrinking of the mass during sintering. 
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Among the advantages observed in the Dwight and Lloyd 
process, the tollowing may be noted : 

1. The feeding of material to and discharge from the ma- 
chine, without interfering with the continuity of the process* 

2. The down-draft of air exerts pressure in the direction of 
the gravity of the mass, and prevents the displacement of par- 
ticles. 

3. The down-draft of air intensifies the combustion at the 
beginning of the sintering, and towards the end of it operates 
efficiently to cool the mass, 

4. The sintering-operation is under constant observation 
during the whole period, and permits of immediate changea 
in adjustment. 

5. The process can be stopped at any time to make any 
changes without interfering with or clogging any part of the 
apparatus. 

6. The duration and activity of treatment are subject to ready 
control. 

7. The adjustability of the process makes it adaptable to 
treating any class of fine material, without modifying the con- 
struction. 

8. The withdrawing of the gases by a fan provides a heating 
medium for drying ores carrying a surplus of moisture. 

9. There is no nodulizing of the sintered material, and the 
cellular structure, which is so important, is preserved. 

10. The product is ideal in structure for use in the blast- 
furnace, on account of the large ‘^aiea of contact” provided^ 
and its adaptability in size for distribution in and passage 
through the furnace. 

With the large productive capacity that has been built up in 
the iron and steel industry in the United States, matters of 
economy in production are now engaging the attention of the 
industry to a much greater extent than in the past. The most 
promising field for eftecting economies therein, is in the manu- 
facture of the basic metal — pig-iron ; in wjiich several avenues 
are still open for efifecting great reductions in cost. A very im- 
portant field to operate in, is the treatment of the fine ores 
before being charged into the furnace. Twenty-five years ago 
the practice of charging large lumps of ore and stone and large 
pieces of fuel was discontinued, and the crusher came into gen- 
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eral use for reducing these materials to a more uniform size, 
and with beneficial results in the furnace. The increasing use 
of the Mesahi ores has led to the other extreme in practice, so 
that the fine ores, and the fine dust resulting from their use, 
require an agglomerating process, in order to return to the 
ideal condition of material as it was “ sized ” by the crusher. 

The use of very fine materials in the blast-furnace has not 
been successfully worked out, and probably never will be in the 
modern blastfurnace, and no time should be lost in adopting 
eflEicient and economical methods for treating these materials 
to make their use successful. The practice of recharging the 
flue-dust as such, is considered by many a questionable one. 
Some furnace-men hold the opinion that while the recharged 
flue-dust is retained in large part in the blast-furnace, it is 
nevertheless detrimental, as it tends to collect on the bosh-walls, 
and causes frequent slips and irregular working. Because so 
much ore is saved from the waste, it does not follow that it 
represents a saving in cost of pig-iron. The screening of coke 
to eliminate the fine pieces is certainly beneficial, but it does 
not seem logical to recharge the same kind of material when 
intermixed with fine ore, as in flue-dust, into the furnace. 

The actual amount of objectionable “ fines ” in the Mesabi 
ores represents only a small percentage ; but its pernicious in- 
fluence is out of all proportion to the amount involved. At 
some furnaces in England, where the fine material is screened 
from the ores and sintered, very beneficial results have been 
obtained. 

When the screening of the fine material from the coke was 
first advocated, it was objected to by many, as representing a 
waste of fuel, although of poorer quality, that might have some 
value in the furnace ; but now the economic value of the prac- 
tice is fully appreciated. The same practice applied to ores, 
and sintering the fine material to prevent waste, promises 
as great or even greater benefits. 
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I. Introduction. 

The heat-balance of the blast-furnace has been a fayorite 
subject for discussion for many years, and its study has con- 
tributed much to our knowledge, and still possesses a certain 
academic interest. As a means of accounting for differences 
in fuel-consumption, however, it has failed utterly, and it is 
evident that we must look elsewhere for the means of accom- 
plishing this end. 



192 THE ETTEL-EFEICIBNCY OF THE IRON BLAST-FURNACE, 

In my opinion, the explanation of the fuel-requirements 
involving the conception of heat available and necessarj^ above 
a critical temperature, as advanced by Johnson^ and elabo- 
rated by Howe, Raymond and others,^ aifords a theoretically 
correct basis for such an accounting. It is the purpose of this 
paper to set forth a first crude attempt to construct a formula 
which shall show quantitatively the relation between the various 
factors affecting fuel-economy, and afford a means of compar- 
ing the enormous amount of data on the fuel-consumption of 
various blast-furnaces, at various times and under various con- 
ditions of operation. I have also applied this formula to a 
large number of individual cases, and have, by its means, com- 
pared the furnace-practice of several important iron-making 
districts. 


11. Derivation of Formula for Fuel-Requirements. 


The general expression for the fuel-requirements of the blast- 
furnace, which I believe to be theoretically correct as to form, 
is as follows : 

Carbon per ton of iron = 

Heat per ton of iron necessary in hearth above Tc. 


Heat per pound of carbon available in hearth above Tc, 
X Factor of rate of driving. 

+ Carbon dissolved by 00^ of flux. 

+ Carbon dissolved incidental to reduction of ore. 

+ Carbon dissolved in pig-iron. 

(ISTote. — Tc =z critical temperature.) 

Since, according to Johnson’s theory, fuel-economy is usu- 
ally limited by heat available and necessary in the hearth, 
rather than by the total heat supplied and necessary, we may 
write 


Carbon needed in hearth = ■— 

Ha 

in which Hn is the heat per ton of iron necessary in the hearth 
above some critical temperature, and Ha is the heat per pound 
of carbon available in the hearth above this same critical tem- 
perature. 


^ Trans., xxxvi., 454 (1906). 

2 Trans., xxxvi., 792 to 798 (1906) ; Trans., xxxviL, 216 to 2S7 (1907). 
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1. Heat Available in the Hearth, 
a. Method of Calculation . — The heat available is equal to : 
Heat of combustion of carbon to CO = 4,380 B.tu. 

+ Heat brought in by blast = weight of blast per pound of 
C X specific heat X temperature. 

-I- Heat brought into hearth by 0 = 1 X specific heat of 
C X Tc. 

— Heat to dissociate moisture of blast = 5,800 X pounds of 

water per pound of C. 

— Heat carried out of hearth in gases of combustion = 

weight of gases per pound of 0 X specific heat X Tc. 


Note. — The origin of this expression may perhaps be more clearly understood 
if x\e regard the fusion-zone of the blast-furnace as a definite space, Fig. 1, re- 
ceiving heat from four sources, and, besides what is utilized, losing heat from 
three sources, as follows : 


Heat Supplied 
By combustion of carbon. 
In hot blast 
Sensible in carbon 
Sensible in iron and slag. 


Heat Lost. 

Carried out in gases. 

Carried out in iron and slag. 
Absorbed by decomposition of 
moisture. 


All materials leaving this zone are assumed to pass out at the critical tem- 
perature, and all solid materials entering the zone must, theoretically at least, 
enter at the critical temperature because of counter-current transfer of heat with 
the gases. Hence, the heat received in the slag, plus iron, is balanced by heat 

carried out in the slag, plus iron, and Ha is equal to the heat of combustion of 

carbon, plus the sensible heat brought in by the carbon, plus the heat brought in 
by the blast, minus the heat necessary to decompose the moisture of the blast, 
minus the heat carried out by the gases of combustion. 

This formula is only the expression of the method of calcula- 
tion previously used by Johnson,^ but in applying it I have 
used diflferent, and, I believe, more accurate values for the 
several constants. The values used, all in B.tu. and Fahren- 
heit degrees, are as follows : 

Specific heat of N and CO == 0.2405 -f- 0 0000117^. 

Specific heat of 0 == 0.2104 -j- 0.0000102<. 

Specific heat of H = 3.70 + 0.0001667^. 

Specific heat of H^O vapor = 0.42 -f 0 000103^. 

Speeifio heat of C = « X ( 0-5 — ^') (t over 1,800°). 

Heat of combustion of C to CO = 4,380 B.t.u. per lb 

Heat of decomposition of water-vapor = 5,800 B t.u per lb. 


® Tram.) xxxvL, 476 (1906). 
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These values are for the most part taken from Richards’s 
Metallurgical Calculations^^ and represent the most recent and 
authoritative opinion on the subject. 

Since the calculation of Ha involves much labor on account 
of the variation in specific heats and in weights of blast and 
gases, I have worked out each value for a sufficient number of 
cases, using all these refinements, and have, from these data, 



Fig. 1.^ — SoiTBCES of Heat-Supplv Aim Heat-Loss in the Ftjsion-Zonb 
OP A BI/AST-FUENACE. 

plotted Fig. 2, which aflfords a ready means of obtaining Ha 
for any given set of conditions. To get Ha by the use of this 
diagram, it is only necessary to know three things: tempera- 
ture of blast, moisture in blast in terms of grains per cubic foot 
(of moist air at the dew point), and the critical temperature. 

* Part L, Chapters 2, 4, and 6 (1906). 
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h. Data for the Determination of Critical Tem^perature , — The 
first of these factors is, of course, invariably a matter of record, 
and while the same is not true of the moisture of the blast, 
still the interest aroused by Gayley’s invention is causing a 



Fxe. 2. — Heat Available per Poune op Carbon for Varying Tempera- 
ture AND Humility op Blast. Critical Temperature, 2,700° F. 


rapid accumulation of data on this point The critical tem- 
perature, however, is a stumbling-block, for not only are oui 
data very scant, but it is even diificult to define the term accu- 
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rately. Thus far, the most satisfactory conception is the origi- 
nal one given by Johnson,® who says; 

“It thus becomes evident that the temperature necessary, not only to melt the 
cinder, but to make it sufficiently fluid to perform its functions properly, is the 
‘ ciitical temperature,’ since the slag and iron must be brought to this temperature, 
and the linal reduction of the ore must be performed above it (and, most probably, 
other reactions). What may for convenience be called the free-running tempera- 
ture of the cinder is therefore taken in this paper as the critical temperature. 

The following data embrace all the information bearing on 
this subject that I have been able to find in the limited time 
available. 

Johnson,® by observations with a Mesure and Nouel pyrome- 
tric telescope, determined the critical temperature of a Virginia 
coke-furnace making basic iron to be 2,750®. 

A series of observations taken by myself with a Mesure and 
[NTouel pyrometric telescope on the outflowing slags of a group 
of ISTorthern furnaces gave the following results : 

4 furnaces making Bessemer iron, range of slag-temperature, 2,300° to 2,660°. 

1 fm’nace making basic iron, range of slag-temperature, 2,282° to 2,507°, 

1 furnace making spiegel, range of slag-temperature, 2,572° to 2,732°. 

A series of observations with a Wanner optical pyrometer on 
the temperature of the outflowing slag of two Alabama fur- 
naces, both making foundry-iron, resulted as follows : ^ 

Range on the one furnace, .... 2,100° to 2,300°. 

Range on the other furnace, 2,460° to 2,470°. 

Linville ® determined the temperature of the outflowing slag 
of a Pennsylvania furnace by means of a Pery optical pyro- 
meter. The furnace was making foundry-iron. The tempera- 
ture range was from 2,670® to 2,680®. 

Le Chatelier, quoted by Turner,® gives the temperature of 
exit of gray Bessemer iron at the end of a cast as 2,858®. 

Several of these determinations are open to more or less 
doubt, since, as is well known, the -various forms of optical 
pyrometers may give quite erroneous results, unless used under 


® 2Vam, X3:xvi-, 481 (1906), 

® Trans. ^ xxxvi., 472 (1906). 

Oral communication from Mr, Banks Hudson, 
® JBuUetin No. 39, March, 1910, p. 245. 

® Metallurgy of Iron^ 2d ed., p. 144. 
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carefully standardized conditions. It seems probable, however, 
that the critical temperature of the average coke-furnace va- 
ries between 2,600° and 2,700°, and, rightly or wrongly, I have 
chosen the value of 2,700° for use in the greater number of my 
calculations. 


2. Seat Necessary in the Hearth. 

The heat necessary above the critical temperature embraces 
the items of : 

The fusion and superheating of the slag. 

The fusion and superheating of the pig-iron. 

The reduction of the silicon. 

The reduction of the last traces of ferrous oxide. 

Some other items, including loss of heat in cooling-water, 
losses by radiation, reduction of the other metalloids, etc. 

It is obviously impossible in the present state of our knowl- 
edge of blast-furnace phenomena to place numerical values on 
all of these items, and opinions will vary as to how much detail 
is desirable here. 

a. Heat to Care for Slag . — The heat necessary to care for the 
slag in the hearth of the furnace is theoretically approximately 
equal to the latent heat of fusion of the slag plus the heat con- 
tained in it above its melting-point. From data given by Rich- 
ards,“ we find that the specific heat of an average slag is 0.2874 
{1 -f 0.00039i° 0.). Assuming the melting-point as 1,300° 0., 
the heat in the slag at the melting-point is 374 cal. The 
total heat in the slag coming from the blast-furnace has been 
determined by many experimenters, the values given ranging 
from 400 to 570 cal. Accepting the value used by Bell of 
650 cal., the heat in the slag above the melting-point will be 
equal to 650 — 874 = 176 cal., or 317 B.t.u., per pound. 

So much for theory. We may cheek this roughly by refer- 
ence to practice. 

Hartman‘S says that for each pound of slag 0.81 lb. of coke 
containing 88 per cent, of fixed carbon is needed when using 
from 1,200° to 1,300° of blast-heat. These figures correspond 
to Ha equal to about 1,800 B.tu., and 0.2728 lb. of carbon, 
or 491 B.tu. per lb. of slag. 

“ MetaMwrgieal (Meulatims, Parti., p 115 (1906). 

“ Journal of the FranMm Institute, vol. cxxi.. No. 6, p. 332 (May, 1886). 
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Forsythe says that 1 lb. of slag requires about 0.25 lb* 
of carbon to melt it. This probably refers to Northern prac- 
tice where Ha averages about 1,400 B.t.u., and if so, is equiv- 
alent to 350 B.t.u. per pound of slag. 

The agreement between theory and practice is very poor, 
although the value of 400 B.t.u. per pound of slag is indi- 
cated as being somewhere near the truth. 

b. Heat to Care for the Fig-Iron .^ — The heat required to melt 
and superheat the pig-iron may be calculated in a similar man- 
ner, and is found to be in the neighborhood of 400,000 B.t.u. 
per ton of pig-iron. 

< 3 . Heat to Reduce Silicon , — The heat required to reduce the 
silicon may be calculated on the basis of theory. Richards 
gives Si + Og == 180,000 cal., which is equal to 269,201 B.t.u. 
per 22.4 lb. of silicon (1 per cent, of Si in 1 ton of pig). 
Elsewhere he regards the value Si + Og = 196,000 cal., 
equivalent to 282,240 B.t.u. per 22.4 lb. of silicon, as more 
probable. 

From practice we get the following results : 

Forsythe says that each pound of silicon above 1 per cent, 
requires an additional 5 lb. of carbon. This probably refers to 
Northern practice with Ha equal to approximately 1,400 B.t.u. 
Hence, we have 5 X 22.4 X 1,400 = 156,800 B.t.u. per 22.4 
lb., or 1 per cent, of silicon. 

Meissner says that in practice 0.12 per cent, variation in 
silicon is found to be brought about by 1 per cent, change in 
burden. This is the same as saying that 1 per cent, increase 
in fuel per ton of iron equals 0.12 per cent, increase in silicon. 
“With Northern practice 1 per cent, of the fuel per ton of iron 
is approximately 22 lb,, the fixed carbon in the fuel is about 
88 per cent, and Ha is about 1,400 B.t.u. Hence, we have 
22 X 0.88 X 1,400 0.12 = 225,867 B.t.u. per 22.4 lb., or 1 

per cent., of silicon. 

Johnson says that it requires at least 20 per cent, more 
fuel to make iron with 3.5 per cent, of silicon than for iron 

The Blast Furnace cmd the Manufacture of Pig Jron, p. 48 ( 1908). 

Metallurgical Calculations, Part L, p. 15 (1906). 

Idem, Part IL, p. 267 (1907). 

The Blast Fumaee and the Manufacture of Pig Iron, p. 48 (1908). 

18 Trans., xxzvii., 212 (1907). 

1^ Tram., xxxvi., 482 (1906). 
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with 1.6 per cent, of silicon. Applying this statement to an 
average practice represented by 2,500 lb. of coke per ton of 
iron, 88 per cent, of fixed carbon, and Ha equaling 1,500 
B.t.u., we have 2,500 X 0.20 x 0.88 X 1,500 -5- 2 = 380,000 
B.t.u. per 22.4 lb., or 1 per cent., of silicon. 

From these widely-divergent figures I have chosen the value 
of 300,000 B.t.u. per 22.4 lb., or 1 per cent, of silicon as giv- 
ing good results, 

d. Heat for Other Items , — On the other items going to make 
up the heat necessary in the hearth there are but few data. 
Bell gives for one furnace the loss of heat in the cooling-water 
as 343,600 cal. per hour, or about 600,000 B.t.u. per ton of 
pig, but it is needless to state that these figures have very 
little significance as regards present conditions of furnace- 
practice. Langdon in some calculations of the heat-balance of 
blast-furnaces^® finds by difference that the total losses by 
radiation and cooling-water for a number of furnaces varied 
between 1,200,000 and 3,100,000 B.t.u. per ton of pig. These 
losses, of course, vary with the furnace construction and out- 
put, and, although they are probably far from constant in prac- 
tice, I can see no way to do other than to lump them in a 
constant in this present investigation. 

There are a few other items entering into Hn^ such as the 
heat absorbed in the expansion of the blast, the heat of reduc- 
tion of phosphorus, manganese, and of the lime present as CaS, 
but these items, being relatively unimportant and nearly con- 
stant, may be included in the constant. The heat required to 
reduce the last traces of iron oxide will be discussed a little 
later under another head. 

3. The Effects of Bate of Driving. 

It is a well-known fact that fuel-economy is largely affected 
by the rate of driving, and former volumes of our Transactions ^ 
contain much discussion of this phase of the subject; notwith- 
standing which, no quantitative laws have yet been deduced and 

The Chemical Phenomena of Iron Smeldng (1872). 

Trans,y xl, 614 (1910). 

See more especially James Gayley, The Development of American Blast- 
Furnaces with Special Eeference to Large Yields, Trans. ^ xix., 932 (1890-91), 
and the discussion of this paper in this and following volumes. 
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the correct rate is still a matter of doubt, except as it has been 
determined by experiment in individual cases. 

According to theory, increase in rate of driving should in- 
crease fuel-consumption in two ways : 

1. Through rendering less perfect the heat-transfer from the 
hot gases rising from the hearth to the relatively cool solid 
materials descending to the hearth. 

2. Through imperfect reduction of the ore, which, if it enters 
the hearth, undergoes the reaction FeO -f- 0 = Fe -f CO = 
— 36,640 cal., or there is an absorption of 14,616 B.tu. for each 
per cent. (22.4 lb.) of iron reduced in this place in addition to 
the loss of carbon. This heat-absorption is a direct charge 
upon Sa, and hence is a far more serious matter than when the 
same reaction takes place at a higher level. 

Both of these factors depend upon other things besides the 
actual pounds of air blown into the furnace. The heat-trans- 
fer depends upon the relative weights of the descending solids 
and the ascending gases ; in other words, on the burden-ratio, as 
well as on the velocity of the gases. The perfection of reduc- 
tion depends in part on the density of the ore and fuel, on the 
height of the furnace, and on the redueibility of the ore, since 
these factors, as well as the rate of driving, determine the time 
of exposure actual and necessary.*^ 

In selecting values for this factor of rate of driving, I have 
been at a loss for means of expressing all of the factors, and have 
finally decided that the best that can be done at present is to 
take this factor as proportional to the pounds of carbon per 
square foot of hearth area per 24 hr., this method having 
been employed by other investigators.®^ After consulting all 
available data, I have come to the conclusion that in most cases 
there is but little economy in a rate of less than 4,000 lb. of 
carbon, and I have therefore taken a factor of 1.0 for this 
rate and under, while each increase of 100 lb. above 4,000 in- 
creases the factor by 0.01, so that for 6,000 lb. of carbon my 
factor is 1.1. 


For a good illustration of this point see E. S. Cook, Anthracite and Coke, 
Separate and Mixed, in the Warwick Blast-Furnace, Trans., xvii., 124 (1888-89). 

See more especially F. W. Gordon, Trans. ^ xx., 255 (1891), and M. A. Pav- 
lo£E, The Bate of Combustion in Blast Furnaces, Iron Age, vol. Ixxxiv, Ko. 9, p. 
dl8 (Aug. 26, 1909). 
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4. Loss of Carbon Between Throat and HeartK 

In descending from the top to the hearth, carbon is lost in 
three ways : 1 , through solution by the carbon dioxide of the 
flux; 2, through solution incidental to the reduction of the 
ore ; 3, through solution in the pig-iron. 

a, SoLubility of Coke. — The first two of these losses are in 

some degree proportional to the quality of the fuel used. The 
fact that various forms of carbon and kinds of coke have a 
widely-differing degree of solubility in carbon dioxide has been 
abundantly proven by the laboratory-experiments of Bou- 
douard,^^ and probably others; and that there is a great 

difference in the actual fuel-economy given by various cokes is 
a matter of experience with every furnace-man. 

While it is undoubtedly possible to find a quantitative rela- 
tionship between the results of laboratory-experiments and 
practical value in the furnace, the necessary data are at present 
lacking and I have been forced to choose arbitrary values. I 
have assumed that for the best coke, such as that from the origi- 
nal Connells ville and Durham (England) fields, the factor of 
solubility will be 0.5, while for the 'worst cokes, as soft Poca- 
hontas and the poorer Alabama varieties, it will be 1.0. 

b. Carbon-Loss Due to Flax. — Prom the reactions involved 
it is evident that the maximum amount of carbon which can be 
dissolved by the carbon dioxide of the flux is 0.12 X the weight 
of OaOO.j + 0.143 x the weight of MgCO^, and it is usually 
considered that the actual loss of carbon due to this cause is 
very near the maximum. It is true that the substitution of 
crushed limestone for lump has resulted in a material saving 
of fuel, and this may indicate that some carbon dioxide escapes 
unchanged from the crushed stone. On the other hand, it 
may indicate that the large stone still retains some of its carbon 
dioxide when it reaches the hearth, since the heat absorbed in 
its decomposition there, being a direct charge upon Ha, would 
fully account for the greater fuel-consumption. In the absence 


Armales de Qhvmie et de Pky&ique, Series VII., vol. 24, pp. 5 to 85 (1901). 
Quoted, in Dowson and Carter’s Producer 1st ed. (1906). 

The Manufacture of Coke in the Hiissener Oven at the Clarence Iron Works 
and Its Value in the Blast-Furnaces, Journal oj the Iron and Steel Institute^ vol. 
1x7., p. 188 (Ko. I, 1904). 

Toil, XLIL — 13 
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of quantitative data I have assumed that the factor represent- 
ing the effect of size of stone on carbon-loss is 1.0 and 0.9 for 
lump and crushed stone respectively. 

c. Effects of Reducihility of Ore , — The maximum amount of 
carbon which can be lost incidental to the reduction of the ore 
is the same whether the ore be reduced by carbon monoxide, 
but at such a high temperature that the resulting carbon dioxide 
at once dissolves its full quota of carbon, or whether it be re- 
duced by solid carbon with the production of carbon monoxide. 
In either case this carbon-loss is 720 lb. per ton of iron, or 
about 700 lb, per ton of pig. The great desirability of having 
an ore which is readily reduced by carbon monoxide rather 
than by solid carbon, and in addition is reduced at such low 
temperatures that the resulting carbon dioxide has no solvent 
power, has been frequently pointed out. The importance of 
carbon-deposition in this connection does not, however, seem 
to be so generally appreciated. It will be recalled that this 
reaction, 2CO = CO 2 + 0, begins at about 480° and ceases 
entirely at 900°, That is, it takes place very near the top of 
the furnace. It is probable that very little of the carbon re- 
sulting from this reaction ever reaches the hearth, but it does 
useful work in reducing the carbon dioxide of the limestone 
and in removing that portion of the oxygen of the ore which 
has not been removed by carbon monoxide higher in the furnace. 
From this point of view it appears that the ability of an ore to 
induce carbon-deposition is equally as important as the ease 
with which it loses its oxygen. 

It is, of course, true that an excessive deposition of carbon 
has its disadvantages, tending to increase the blast-pressure 
and cause hanging of the furnace ; but granted that these objec- 
tions can be overcome by suitable design and management of 
the furnace, it is certainly true that every pound of carbon 
deposited means a saving of a pound of fuel for the hearth. In- 
cidentally, I would call attention to the fact that ores inducing 
large carbon-deposition should be particularly desirable in cases 
where it is necessary to use large percentages of limestone, and 
the greatest difficulties due to carbon-deposition are to be 
anticipated in cases where the limestone-requirements are very 
low. 

Returning from this digression to the business of selecting 
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numerical factors of reducibility for the various classes of ores, 
I bave selected more or less arbitrarily the following values : 


Mesabi ores, 0.1 

Brown hematite, 0,2 

Soft red hematites and roasted carbonates, . . . .0.3 

Plard red hematites, 0..d! 

Clinton “hard red’’ ore (the limy ore of Alabama), . . 0.6, 

Magnetites and mill-cinders, l.(L» 


These values are in qualitative accordance with the results 
of lahoratory-experiments,^® and I believe that they also agree 
with the experience of most furnace-men. It is probably possi- 
ble to construct a quantitative relationship between the results 
of laboratory-experiment on reducibility and practical results 
as regards fuel-economy, but I should hardly care to undertake 
the task at the present time. 

5. The Formula as Used, 

It will be evident from the foregoing discussion that 
although it is possible to construct with scientific accuracy the 
general expression for the fuel-requirements of a blast-furnace, 
when we come to apply this expression to practice we find 
there is either grave doubt or a complete lack of data as to 
practically every factor or constant entering into it. I feel, 
therefore, that I must apologize for having attempted the im- 
possible, and ray chief reason for having done so is to show 
the great value of this line of work in the study of the blast- 
furnace, and to emj)haBize more strongly the need of certain 
data in the hope that they may be more rapidly supplied. 

The formula which I have actually used in the following cal- 
culations is as follows : 

Carbon per ton of pig = X (1,200 + 0.6 X lb. of slag 

Ha 

per ton of iron + 800 X per cent, of Si) X factor of rate of 

See 0. 0. Laudig, Action of Blast-Furnace Gases upon Various Iron-Ores, 
xxvi., 209 0896), with discussion by F. E. Bachman, Trans., xxvi, 1061. 
Also data in BelFs Chemical Pheimnena of Iron Smelling, and statement by Gayley^ 
Trnns.. xix., 991 (1890-91). Some experiments on the relative reducibility of 
typical Alabama red ores, Lake Superior ores, and brown ores, have been made 
under my direction by W. J. Buvinger in the Metallurgical Laboratory of the 
University of Cincinnati, and these results also are in accordance with the values 
used. 
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driving + lb. of Oa(Mg)OOg X 0.12 X size-factor of flux X 
quality-factor of fuel + 700 X reducibility-factor of ore X quality- 
factor of fuel + 22.4 X per ceut. of carbon in pig. 

This formula is of the same general construction as the ex- 
pression previously given. All of the items coming under 
with the exception of heat to melt slag and heat to reduce 
silicon, have been lumped together in a single constant, which 
has been given the value of 1,200,000. The heat necessary to 
care for 1 lb. of slag has been taken at 600 B.tu. This, it 
will be noted, is 50 per cent, higher than the most probable 
theoretical value, but in applying the formula it was found that 
better results were obtained from this larger figure if at the 
same time the constant was decreased correspondingly. I be- 
lieve this to be due to the fact that my constant is not really 
constant, but increases with decreased output and therefore 
approximately with increased slag-volume. 

III. The Limitations of the Formula. 

1. Through Irregular Working of the Furnace. 

I have aimed to be frank in admitting the crudity of this 
effort in the hope of forestalling criticism, but I am aware that 
upon one point it is particularly open to attack. It will at 
once occur to every practical furnace-man that no provision has 
here been made for the increase in fuel-consumption inevitably 
caused by irregularity in furnace-work; whether the latter be 
due to wrong furnace-lines, improper distribution of the charge, 
wear of lining, or other causes. This increase from irregular 
work is due in greater part to four items : 

Channeling of the gases, resulting in increased velocity and 
decreased eflicieney of heat-transmission. 

Descent into the hearth of insufficiently preheated material, 
resulting in an increase in Hn. 

Descent into the hearth of imperfectly reduced ore, thereby 
greatly increasing the amount of reduction to be performed in 
the hearth at the expense of JSa. 

The descent into the hearth of undecomposed limestone, 
which by its decomposition absorbs 1,451 B.tu. per pound of 
lime, this being a direct charge upon Ha. 

I cannot see that it is possible to express numerically the re- 
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suits of furnace irregularity, and it seems that such a formula 
as I have proposed will, even when perfected, be limited to the 
itemizing of the tuel-requirements of the perfectly-working 
furnace. 

2. Through Ratio Between Seat- Requirements in Shaft and Searth. 

The second limitation to my formula is because a certain 
quantity of heat and reducing gases are needed in the upper 
part of the furnace to do necessary work there. Ordinarily 
there is a large excess of both heat and carbon monoxide for 
this purpose, but it sometirnes happens with furnaces smelting 
rich ores, especially if they use pure fuel and high values of. 
Sa, that the requirements here will be the limiting factor. 
This limitation has been discussed qualitatively from the stand- 
point of heat-requirements by Johnson,^® and from the stand- 
point of carbon-requirements for reduction by Richards.®^ So 
far as I know, it has never before been treated from the quanti- 
tative stand-point. 

The heat available to the stack, which we may designate by 
the symbol Has, is equal to the heat in the gases as they leave 
the hearth, or, assuming perfect heat-transfer between gases 
and solids, to the heat in the gases below the critical tempera- 
ture. With average moisture in the blast and a critical tem- 
perature of 2,700°, ITas = 4,980 x lb. of carbon burned in 
hearth. 

The heat necessary in the stack, which we may designate by 
the symbol Sns, is as follows : 

To preheat iron, approximately 1,200,000 B.tu. 

To preheat gangue, approximately 1,208 X lb. of slag per 
ton of iron. 

To preheat carbon, approximately 1,183 X lb. of carbon 
burned in hearth per ton of iron. 

To decompose the CaOOs, 813 X lb. of OaCO, per ton of iron. 

To compensate for loss by radiation, unknown. 

To reduce iron, if by reaction Fe^Os + 300 = 2Fe 300,, 
there is an evolution of 281,280 B.t.u. If by reaction 

Tram,, xxxvi., 483 (1906). ^ 

2*^ Gruner's Ideal Working of a Blast Furnace, paper before the International 
Congress of Mining and Metallurgy, 1910. Reprinted in Metcdlurgical and 
Chmnml Engineering, vol. viii., No. 7, p. 403 (July, 1910). 
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2 Pe 203 + 30 = 4Fe +• 3COj, there are 878,472 required 

per ton, of iron. If by reaction Pe^Oj + 80 = 2Pe + 300, 
3,615,840 B.tu. are required. 

The heat carried out in the top-gases will vary with the 
temperature of the gases as well as with their weight. Accord- 
ing to my views, the heat here is simply that left over from 
JSas after the requirements of the stack are satisfied; that is, 
if Has is 3,000,000 B.tu. and Has is 2,000,000 B.tu. per 
ton of iron, then the difference of 1,000,000 B.t.u., which cannot 
be otherwise used, must necessarily remain in the gases, causing 
them to pass out at some temperature depending on their 
weight. However, it is probably not fair to assume that the 
gases can pass out at much below 212° on account of the neces- 
sity of evaporating the moisture of the stock. Hence, we will 
include the heat carried out in the gases at 212° as a part of 
Hns. At 212° and an average specific heat of 0.25 the heat 
contained in these gases will be approximately 6.7 X 53 X lb. 
of carbon burned in hearth per ton of iron -f- 900 X 53 -f 0.44 
X lb. of limestone per ton of iron X 53 -f- 0.12 X lb. of lime- 
stone per ton of iron X 53, which reduces to 47,700 -f 355 X 
lb. of carbon burned in hearth per ton of iron -f 30 X lb. of 
flux per ton of iron. 

It is probably fair to assume that in most cases the heat 
absorbed through solution of carbon by carbon dioxide is just 
about balanced by the heat evolved in the deposition of carbon. 
Granting this and collecting all the above items, we have: 
Hns = 966,470 -f 1,488 X lb. of carbon burned in hearth per 
ton of iron -f 1,208 lb. of slag per ton of iron -f 843 X lb. 
of flux per ton of iron, if the iron is all reduced by carbon 
monoxide. If the iron is reduced by solid carbon, the constant 
in this expression is increased, the other terms remaining the 
same, numerically, the value for the first term becomes 
2,126,172 B.tu. and 4,863,540 B.tu. per ton of iron when 
the solid carbon is oxidized to 00^ and CO respectively. 

To simplify this expression further, let us apply it to a 
specific type of furnace-practice; that is, Northern practice 
using Lake Superior ores. In this case we may assume that 90 
per cent, of the ore is reduced by carbon monoxide and 10 per 
cent, by solid carbon with the formation of carbon monoxide. 
We will also assume that the weight of slag per ton of iron 
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is 0.715 times the weight of limestone, and we will ignore the 
loss of heat through conduction and radiation. Under these 
circumstances Hns reduces to 1,356,180 + 1,488 X lb. of car- 
bon in hearth per ton of iron + 1,810 X lb. of slag per ton of 
iron. 

Evidently, if Ha and not Has is to be the limiting factor, Has 
must be equal to or greater than Hns, or pounds of carbon in 
hearth per ton of iron must be equal to or greater than 400 + 
0.52 X lb. of slag per ton of iron, and, since the pounds of carbon 
in the hearth equals Hn Ha, we have as the final expression 
Hn 

;r-:; r: must be equal to or 

400 + 0.52 X lb. ot slag per ton of iron ^ 

greater than Ha if the fuel-requirements of the blast-furnace 

are to be determined by the heat necessary and available in 

the hearth. 

Altliough the above expression can make no great claims to 
accuracy, it is believed that calculations along this line can be 
made with sufficient exactness to be of service. Their value 
should be very great in certain cases, as, for example, in deter- 
mining whether efforts to increase Ha are worth while in any 
given case. To illustrate, assume a furnace working on 1,000 lb, 
of slag per ton of pig-iron, making iron with 1 per cent, of 
silicon and with Ha = 1,500 B.tu. Applying our formula, we 
find that the highest value of Ha which can be of use in de- 
creasing fuel-consumption is 2,280. Evidently in this case 
there is considerable margin for improvement, but if Ha had 
already been in the neighborhood of 2,000 it is just as evident 
that it would be money wasted to install dry-blast plant or 
better stoves unless at the same time Hns were increased by 
calcining the limestone, as suggested by Johnson,^® or by other 
means. 

Another phase of this subject of the limitation of fuel- 
economy is found -in the consideration of the quantity of car- 
bon required for reduction. To reduce 1 ton of pig-iron by 
means of carbon monoxide requires, according to the reaction, 
700 lb. of carbon, while to reduce the same iron by means of 
solid carbon requires either 700 or 350 lb. of carbon, according 
as it is oxidized to CO or OOg. 


28 Ti'ans,, xxxvi., 486 (1906). 
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Richards, in the paper previoasly quoted, assumes that the 
reactions of reduction are as follows : 

PejO, + 6CO = 2Fe -f 300^ -f SCO, and 
FeA + 20 =2Fe+ CO 2 + 00 

requiring 1,400 lb. of carbon per ton of pig-iron in the first 
ease and 467 lb. in the second case. From this he draws the 
conclusion that when the heat-requirements of the hearth are 
small it is best to have reduction by means of solid carbon. 

However, since it is not possible to make pig-iron with a 
slag-volume of much less than 800 lb. per ton of iron, it would 
seem that the heat-requirements of the shaft will, at least in 
coke-furnace practice, prevent any material economy through 
reduction by solid carbon. In the case of a slag-volume ot 
800 lb. per ton of iron the carbon burned in the hearth cannot 
be less than 816 lb. per ton of iron and must probably be con- 
siderably more to satisfy Sns. This is assuming that 90 per 
cent, of the reduction is by carbon monoxide, in the top of the 
furnace. If the reduction is more largely by solid carbon, as 
Richards claims, the heat-requirements in the shaft of the fur- 
nace will be very much increased, and the necessarily greater 
amount of fuel will at once insure a larger amount of carbon 
monoxide in the top gases. 

I am strongly inclined to hold with Johnson^® that the car- 
bon-ratio of the gases is an effect, not a cause, and that the real 
limit to fuel-economy lies . in the heat-requirements of the 
various zones of the furnace. At the same time, it is probably 
true that the place and method of reduction are influenced to 
a considerable extent by the relation between Hn and Hns. 


“ Trans , xxxvi., 485 (1906). 
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IV, The Formula Applied to Actual Furnace-Records. 


Table I. — Description of Fumace-Stock. 


No.a Kind of Ore. 

Ore- 

Faetor 

Kind of Fuel 

Fuel- 

Factor 

Lime- 

stone- 

Factor, 

1 L Sup. ] Mesabi 

0.1 

Lower Connellsville... 

0.6 

0.9 

2 L Sup. Old Range 

0.3 

Connellsville? 

0.6 

0.9 

3 L. Sup. ] Mebabi 

0.1 

Connellsville 

0.6 

0.9 

4 ' L. Sup. 1 Mesabi 

0.1 

Connellsville 

0.6 

0.9 

0 1 L. Sup. 80 per cent Me-abi . 

0.1 

Connellsville & Pocah 

0.7 

0.9 

6 i L Sup. 80 per cent. Mesabi.. 

0.1 

Connellsville & Pocah. 

0.7 

0.9 

7 ' L. Sup. Old Range 

0.3 

Connellsville 

0.5 

0.9 

8 ' L Sup Old Range 

0.3 

Lower Connellsville? 

0.7 

0.9 

9 1 L. Sup Old Range 

0.3 

By-product Coke .... 

0.5 

0.9 

10 L. Sup. Mostly Mesabi 

0.1 

Lower Connellsville ? 

0 6 

0.9 

11 ' L. Sup. Mostly Mesabi 

O.I 

Lower Connellsville?.. 

0.6 

0.9 

12 ' L. Sup. Mostly Mesabi 

0 1 

Lower Connellsville? .. 

0.6 

09 

13 L. Sup. .1 Mesabi 

0.1 

Lower Connellsville?.. 

0.6 

09 

14 , L. Sup Mostly Mesabi . . .. 

0.1 

Lower Connellsville?.. 

0.6 

0.9’ 

15 1 L. Sup. Mostly Mesabi 

0.1 

Lower Connellsville ?. . 

0 6 

0.9 

16 1 L. Sup. Old Range 

0.4 

Connellsville 

0.5 

0.9 

17 1 L. Sup. Old Range 

0.4 

Connellsville 

0.5 

0.9 

18 i L. Sup. Old Range 

0.4 

Connellsville 

0.5 

0.9 

19 L. Sup. 70 per cent. Mesabi.. 

0.1 

Connellsville ? 

0.5 

0.9 

20 L, Sup. Some Mesabi 

! 

0.2 

Connellsville ? 

0.5 

0.9- 

! 

21 1 Magnetic Concentrates 

i 1.0 

Anthracite & Coke ? . .. 

0.7 

0.9 

22 ' Magnetic Concentrates 

1 1.0 

Anthracite & Coke? 

0.7 

0.9 

23 Magnetic Concentrates 

1 1.0 

Anthracite & Coke? 

0.7 

0.9 

24 , Roasted Carbonate 

0.3 

Durham, Eng., Coke... 

0.5 

0.9’ 

2o ? German Ores 

0.4 

? German Coke 

0.8 

0.9 

26 ' ? German Ores 

0.2 

? German Coke...*....;. 

0.8 

0.9 

27 ? German Ores 

0.4 

? German Coke 

0.8 

0.9 

28 ! ? French Ores 

0.2 

? 

0.8 

0.9 

29 ! Oriskany Brown Oie, Va 

0.2 

Soft Pocah. Coke 

1.0 

1.0 

30 I Oriskany Brown Oie, Va 

0.2 

Pocah. Coke 

0.7 

1 0 

31 1 Oriskany Brown Ore, Va 

0.2 

New River Coke 

0.7 

1.0 

32 Oriskany Brown Ore, Va 

0.2 

New River Coke 

0 7 

1.0 

33 , Alabama Brown Ore 

0.2 

Alabama Soft Coke 

0 8 

1.0 

34 0 8 Brown, 0 2 Soft Red, Ala. 

0.4 

Alabama Soft Coke 

0.8 

1.0 

35 ' 0.7 Brown, 0 3 Soft Red, Ala. 

0.4 

Alabama Soft Coke 

0.8 

1.0 

36 j 0 9 Brown, 0.1 Soft Red, Ala, 

0.3 1 

Alabama Soft Coke 

0.8 

1.0 

37 ^ 0.8 Ala. Hard Bed Ore 

0.6 1 

Very Soft Coke 

1.0 

r.o- 

38 '0.8 Ala. Hard Red Ore 

0.6 

Very Soft Coke 

1.0 

1.0 

39 ! 0.8 Ala. Hard Red Ore 

0.6 

Very Soft Coke 

1.0 

1.0* 

40 i 0.8 Ala, Hard Red Ore 

0.6 

Very Soft Coke 

1.0 

1.0 

41 0.8 Ala. Hard Bed Ore 

0.6 

Very Soft Coke 

1.0 

1.0 

42 0.8 Hard Bed Ore, Ala 

0.6 

Very Soft Coke 

1.0 

1.0 

43 S Hard, J Soft Bed Ore 

0.6 

Ala. Coke, Pratt Seam.. 

0.8 

1.0 


a For references, see p. 212. 
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Table II. — Furnace Bata. 


s 

§ 

Tempeiatme 
of Blast 

Grains of 
Water Per 

Cu. Ft of Blast. 

Lb. of Slagr 
Per Ton of 
lion. 

Per Cent. 
Silicon in Pig 

M 1 

Oa 

03 

Sa 

Per Cent 
Fixed Caibon 
in Coke. 

Lb. Coke 

Per 1 on lion 

Lb. of Carbon 
PerSq Ft of 
Health -A lea 
Per 24 Hr. 

1 

720 

5.66 

1,300 

0.8 

945 

88.0 

2,147 

4,265 

2 

1,040 

4.00 

1,388 

2.1 

1,318 

79.0 

2,258 

4,601 

3 

915 

4.00 

1,300 

1.3 1 

1,102 

88.0 

1,936 

4,330 

4 

885 

4.00 

1,350 

1.1 : 

1,091 

88.0 

2,217 

5,360 

6 

700 

4.00 

1,300 

1.5 

1,084 

88.0 

2,490 

4,800 

6 

750 

4.00 

1,050 

1.1 

837 

88 0 

2,180 

3,770 

7 

1,100 

4 00 

1,200 

1.4 

1,011 

88.0 

1,882 

4,600 

3 

1,027 

6.50 

900 

1.1 

783 

88.0 

1,956 

4,000 

9 

925 

6.50 

820 

1.1 

7U0 

85.0 

1,931 

4,100 

10 

807 

3 92 

1,380 

0,8 

1,077 

88.0 

2,275 

5,000 

11 

863 

3.60 

1,260 

0.8 

965 

88.0 

2,256 

5,300 

12 

775 

3.30 

1,530 

0.8 

1,232 

88.0 

2,258 

5,000 

13 

870 

1.75. 

1,250 

0.8 

945 

i 88.0 

1,726 

4,118 

14 

854 

1.30 

1,350 

0.8 

1,052 

88.0 

1,821 

4,880 

15 

820 

1.20 

1,330 

1.2 

1,030 

88.0 

1,961 

5,000 

16 

1,130 

4.00 

900 

1.5 

800 

88.0 

1,580 

1 3,600 

17 

1,202 

4.00 

672 

1.4 

605 

88.0 

1,630 

3,270 

18 

1,068 

4.00 

672 

1.4 

582 

88.0 ! 

1,900 

3,200 

19 

i;ioo 

1.90 

1,100 

0.7 

878 

88.0 

1,977 

4,600 

20 

1,108 

3.00 

950 

1.2 

771 

831 

1,664 

3,350 

21 

900 

3.00 

1,200 

0.9 

1,036 

88.0 

2,291 

4,000 

52 

900 

3 00 

1,400 

0.9 

1,267 

88.0 

2,437 

4,000 

23 

900 

3.00 

1,200 

1.3 

1,081 

88.0 

2,241 

4,000 

24 

1,300 

4.00 

3,136 

3.0 

1,232 

92 0 

2,239 

! 3,000 

25 

1,400 

4.00 

1,800 

3.0 

1,500 

85.0 

2,305 

j 3,000 

26 

932 

4..00 

2,500 

1.0 i 

1,500 

90.0 

2,128 

3,000 

27 

1,382 

4 00 

3,500 

2.0 

2,800 

90.0 

2,740 

1 3,000 

28 

1,250 j 

4.00 

2,500 

1.0 

1,500 

80.0 

2,120 

3,000 

29 

1,000 

6,00 

3,400 

0.8 

3,270 

92.0 

3,370 

3,870 

30 

1,000 

5.00 

2,700 1 

24 

2,340 

90.0 

3,132 

4,250 

31 

1,100 

6.00 

3,100 

2.2 

2,800 

88.0 

3,260 

3,200 

32 

1,100 

6.00 

3,300 

2.2 

8,000 

88.0 

1 3,290 

3,200 

33 

950 

i 6.00 

3,300 

2.5 

3,051 

80.0 

3,835 

3,600 

34 

1,000 

4.00 

2,700 

25 

2,400 

85.0 

3,283 

4,000 

35 

1,075 

4.00 

2,800 

2.3 

2, dOO 

85.0 

3,207 

4,000 

36 

1,000 

5.00 

2,700 

2.6 

1,740 1 

85.0 

3,302 

4,000 

37 

900 

8.00 

2,130 

2.2 

2,050 

91.0 

3,840 

! 5,430 

38 

1,000 

6.00 

2,200 

2.0 

2,000 

91.0 

3,380 

4,850 

39 

1,000 

8.00 

2,170 

2.3 

1,890 1 

91.0 

3,354 i 

4,760 

40 

1 1,000 

6,00 

2,800 

2.2 

2,100 

91.0 

3,240 

5,000 

41 

1,000 

8 00 

2,230 

2.5 

1,930 

91.0 

3,792 

4,780 

42 

i 1,000 

8.00 

2,130 

2.2 

1,910 

91.0 

3,607 

5,180 

43 

1,400 

6.00 

2,180 

2.0 

1,850 

86.7 

2,240 

3,700 


® For references, see p. 212. 
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Table m. — Application of Formula. 


Number, a 

Heal Avail- 
able Per Lb 
Carbon (Ha). 

Heat Neces- 
sary Per Ton 
Iron 1000 

'10007 

Factor of Rate 
of Diivmg 

Lb Caibon in 
Health. 

Carbon-Loss 
in Shaft. 

Calculated 

Carbon 

Per Ton Iron 

Actual Carbon 
Per Ton Iron 

Erior. 

1 

1,225 

2,220 

1.03 

1,866 

181 

2,047 

1,889 

+ 158 

2 

1,775 

2,663 

1.06 

1,595 

290 

1,885 

1,783 

+ 102 

3 

1,600 

2,361 

1.03 

1,520 

191 

1,711 

1,702 

+ 9 

4 

1,550 

2,340 

1.14 

1,690 

191 

1,881 

1,950 

~ 69 

5 

1,290 

2,418 

1.00 

1,875 

209 

2,084 

• 2,146 

— 62 

6 

1,365 

2,160 

1.01 

1,602 

191 

1,793 

1,918 

— 125 

7 

1,870 

2,340 

1.06 

1,326 

238 

1,564 

1,620 

- 56 

8 

1,600 

2,070 

1 00 

1,293 

285 

1,578 

1,720 

— 142 

9 

1,450 

2,010 

1.01 

1,400 

221 

1,621 

1,641 

— 20 

10 

1,450 

2,328 

1.10 

1,768 

190 

1,958 

2,000 

— 42 

11 

1,550 

2,196 

1.13 

1,599 

183 

1,782 

1,980 

-.198 

12 

1,430 

2,358 

1.10 

1,815 

200 

2,015 

1,980 

+ 35 

13 

l . O-W 

2,190 

1.01 

1,338 

181 

1,519 

1,519 

0 

14 

1,650 

2,250 

1.09 

1,489 

188 

1,677 

1,600 

+ 77 

15 

i;610 

2,350 

1.10 

1,606 

187 

1,793 

1,734 

+ 59 

16 

1,920 

2,190 

1.00 

1,142 

261 

1,403 

1,390 

+ 13 

17 

2,025 

2,053 

1.00 

912 

260 

1,162 

1,434 

— 272 

IS 

1,810 

2,053 

1.00 

1,134 

249 

1,383 

1,669 

— 286 

19 

2,000 

2,085 

1.06 

1,106 

160 

1,266 

1,739 

— 468 

20 

1,935 

2,049 

1.00 

1,058 

190 

1,248 

1,403 

— 155 

21 

1,625 

2,190 

1.00 

1,345 

646 

1,991 

2,015 

— 24 

22 

1,625 

2;810 

1.00 

1,420 

604 

2,084 

2,145 

— 61 

23 

i;665 

2,310 

1.00 

i;420 

650 

2,070 

1,970 

+ 100 

24 

2,175 

3,992 

1.00 

1,836 

250 

2,086 

2,060 

+ 26 

25 

2,325 

, 3,180 

1.00 

1,370 

431 

1,801 

2,035 

-243 

26 

1,625 

3,000 

1.00 

1,845 

319 

2,164 

1,915 

+ 249 

27 

2,290 

3,900 

100 

1,705 ! 

544 

2,249 

2,466 

— 217 

28 

2,100 

3,000 

1.00 

1,430 

1 

319 

1 

1,748 

1,696 

+ 54 

29 

1,525 

3,480 

1.00 

2,280 1 

! 

622 

2,902 

2,880 

+ 22 

30 

1,585 

3,540 

1.02 

2,305 1 

384 

2,689 

2,679 

+ 10 

31 

1,675 

3,720 

1.00 

2,221 

423 

2,644 

2,727 

— 83 

32 

1,675 

3,840 

1.00 

2,292 i 

440 ! 

2,732 

2,755 

— 23 

33 

1,525 

3,930 

1.00 

2,574 

505 

3,079 

3,070 

+ 9 

34 

1,725 

3,570 

1.00 

1,974 1 

544 

2,518 

2,651 

— 133 

35 

1,830 

3,510 

1.00 

1,912 

554 

2,466 

2,638 

— 17-2 

36 

1,660 

3,570 

1.00 

2,149 

488 

2,637 

2,665 

— 28 

37 

1,340 

3,129 

1.14 

2,660 i 

744 

3,404 

3,494 

— 90 

38 

1,590 

3,108 

1.08 

2,211 

738 

2,949 

3,075 

— 126 

39 

1,480 

3,177 

1.08 

2,317 

719 

3,036 

3,042 

— 8 

40 

1,590 

3,243 

1.10 

2,244 

750 

2,994 

2,951 

+ 43 

41 

1,480 

3,294 

1.08 

2,403 

730 

3,133 

3,450 

— 317 

42 

1,480 

3,150 

1.12 

2,386 

727 

3,113 

3,282 

— 169 

43 

2,200 

3,108 

1.00 

1,414 

592 

2,006 

1,940 

+ 66 


“ For references , see p . 212 . 
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Foot-note RefereJices to Tables I., II., Ill, and IV. 

No. Reference. 


1. Tram., xxxv., 762 ; xxxvL, 746 ; xL, 919. 

2. Trans., xL, 919. 

3. 4. Trans., xxxix., 545. 

5, 6. Private notes. 

7. Manufacture and Properties of Bon and Steel, by H. H. Campbell, 2d ed., p. 76. 

8, 9, B'on Age, June 11, 1903, p. 33. 

10, 11, 12. Trans., xxxvii., 206, 

13. Trans., xxxv., 762 ; xxxvi , 746 ; xl., 919. 

14, 15. Trans., xxxvii., 206. 

16. Tram , xxxix. , 906. 

17, 18. Trans., xx., 287. 

19. Metallurgical and Chemical Engineering, June, 1910, p. 315. 

20. iPmns., xxvii., 477. 

21. 22, 23. Iron Age, May 6, 1909, p. 1438. 

24. Manufacture and Properties of B'on and Steel, by H. H. Campbell, p. 76* 

25. Trans., v., 330. 

26. 27. Trans., xix., 346. 

28. Trans., xxxv., 1039. 

29 to 42. Author’s private notes. 

43. Trans., xvii, 135. 
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V, SotTBOES OF EeEOR. 

Although many and wide variations from the fuel-require- 
ments called for hy theory will be noted in Tables I. to IT., 
it is thought that the results are, on the whole, fairly satisfac- 
tory, and indicate something more than coincidence. The 
errors referred to are no doubt partly due to limitations in the 
formula which have been previously discussed. Many of the 
furnaces included are known to have been subject to iiregu- 
larities from one source or another, and these are probably 
accountable in some instances for the considerable excess of 
actual fuel above that called for by theory. 

Attention is particularly called to the group of furnaces in- 
cluded between Nos. 16 and 20. It will be noted that these 
furnaces all show extremely low fuel-requirements in the 
hearth, and that, with one exception, the calculated fuel-con- 
sumption is considerably below the actual, I believe that in 
some, if not all, of these cases, the second limitation previously 
described, that is, the heat-requirements of the stack, has 
come into play, and that this is in part, at least, the reason for 
the difference. Other sources of discrepancy may be sought in 
errors in the records before attributing them entirely to the im- 
perfection of the formula. 

The temperature of the hot blast is one of the most important 
factors entering into our calculation, and an error of 60° here 
may in some eases make a difference of as much as 100 lb. in the 
total carbon required per ton of iron. It is also a record which 
is particularly liable to error, both because of the difficulty of 
obtaining a true average when it is observed intermittently and 
because of the common inaccuracy of the pyrometers used. _ 
The older forms of pyrometers were particularly liable to high 
readings, and old furnace-records must be used cautiously for 
this reason. 

The moisture of the blast is another factor which is undoubt- 
edly in error in many cases, since, for the most part, no records 
were available, and all that could be done was to make a guess 
based upon the location and the season of the year. In this 
connection, the possibility of additional water entering the 
furnace through small and perhaps unsuspected cracks in 
tuyeres or hot-blast valves may well be considered. 

The critical temperature is the most uncertain of all our fac- 
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tors. Since it is only possible to guess it, a uniform value of 
2,700° F. was taken in all cases, except with certain Virginia 
furnaces which were known to run on a slag unusually low in 
alumina, and hence of considerably higher melting-point than 
the average. The critical temperature here was taken as 
2,750°. It is probable that there is considerable variation 
in this factor, especially among those foreign furnaces which 
run on a very aluminous slag. A difterence of 100° in critical 
temiierature makes a difference of 150 B.tu. in heat available. 

Other possible errors are in slag-volume, which in most cases 
has been calculated from the quantity of flux used, and in some 
eases from general data on the yield and nature of the ores ; 
in the percentage of silicon, which it has been necessary to 
estimate in some cases ; and in the weight of flux and coke. 
In connection with this latter the practice of forking-out 
the breeze at some furnaces should be borne in mind. An 
approximate correction has been made for this coke not going 
into the furnace in several cases where the practice was known 
to be followed, but there are, no doubt, other eases in which it 
constitutes a source of error. 

VI. Suggestions for Practical Methods of Fuel-Economy. 

It is evident from this analysis of fuel-requirements that it is 
in connection with the heat available that the greatest oppor- 
tunities for the saving of fuel are found. A long step in this 
direction was taken when E'eilson invented the hot blast, and 
another, hardly less important, when Gayley demonstrated the 
value of dry blast. Until eommercially-feasible methods of 
producing high-oxygen blast are at hand it would seem that 
there is no new ground to be broken (so far as Ha is concerned) 
and that the activities of furnace-managers are limited to the 
more perfect cultivation of the fields already open. 

In the first three groups of the preceding tables the import- 
ance of both high blast-heat and dry blast are very evident. In 
connection with the close agreement of the dry-blast furnaces 
with theory and the considerable minus error of the other two 
groups, it should be remembered that one effect of dry blast is 
to give great regularity in operation, and thus, by decreasing 
unnecessary fuel-losses, it becomes a double benefit. 

It has already been pointed out that in the case of the third 
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group, the high average minus error is possibly due to the 
very low heat-requirements of the hearth being surpassed by 
the requirements of the stack. I wish, however, to now make 
the point that this condition is at present less frequent than in 
previous years, and will become still less frequent in the future. 
The lowering of the average grade of our iron-ores has been 
frequently commented upon, and there can be no question but 
that the furnace-men of the future will have to meet the condition 
of smelting very lean ores. With the high slag-volume thus pro- 
duced, the carbon-requirements of the hearth will become more 
than ever the controlling factor, and the heat-requirements in 
the stack may, for all practical purposes, be ignored. 

An example of what may be expected under these conditions 
is found in our fifth group, representing foreign practice. These 
five records are among the least satisfactory in respect to accu- 
racy of the data, but they will at least serve to indicate the 
very low fuel-consumption which can be attained even in the 
case of very lean ores by the use of high blast-temperatures. 
The average heat available for this group is 2,100 B.t.u. per 
pound of carbon, and it is obtained by an average blast-tem- 
perature of 1,250°. 

As compared with this, recent American practice, represented 
by groups 1, 2, 4, 6, and 7, shows average heats available 
of 1,510, 1,650, 1,630, 1,690, and 1,510 B.t.u., respectively, 
and the average tor blast-temperatures ranges from 850° to 
1,040°. With these figures in view we can hardly avoid the 
suspicion that we in this country are perhaps in a rut with 
respect to the proper use of blast-heat, and are not devoting the 
attention to this factor which its importance deserves. 

It is true that when using Mesabi ores the blast-temperature 
is limited by the tendency of the furnace to stick and hang at 
high heats. That this diflfieulty is not insurmountable, how- 
ever, is indicated by the results obtained by some furnace- 
managers, such, for example, as are shown in ITo. 19, in which 
1,100° of blast-heat is used in connection with 70 per cent, of 
Mesabi ore. 

‘ There is, of course, a limit above which it is neither practi- 
cable nor especially desirable to carry the available heat. This 
follows not so much from the limitations of our hot-blast stoves 
as from the fact that fuel-economy is propdrtional not to Ha 
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directly, but to its reciprocal, which, decreases at a decreasing 
rate as Ha becomes larger. This fact, together with its at- 
tendant results on fuel-consumption, is shown graphically in 
Fig. 3. It is at once evident that with high values of Ha only 

RECIPROCAL OF HEAT AVAILABLE X 1000. (BROKEN LINE ) 



Fig. S. — Eelation Between Available Heat and Fubd-Consumbtion. 

a small economy in fuel is effected by further increase, while 
with low values the economy for a given increase is very much 
greater. This explains the relatively great saving produced by 
VOIi. XLII. — 14 . 
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the first few hundred degrees of blast-heat and the relatively 
small additional benefits derived from very high temperatures. 
These facts are of common knowledge and recently have been 
well presented in graphical form by Moore.®*' 

Fig. 3 shows also that the fuel-economy for a given increase 
in Ha is greater in the case of lean ores having a high heat- 
requirement than with rich ores. Efforts to increase Ha will, 
therefore, pay better in the case of Alabama and brown ore 
practice than where the rich Lake Superior ores are being used. 
In this connection it is also true that dry blast will be especially 
advantageous at these Southern furnaces. By reference to the 
tables it will be noted that the average humidity is very high, 
and hence the available heat is quite low, in spite of the fairly 
high blast-temperature. 

Since the heat necessary in the hearth is fixed chiefly by 
commercial factors beyond the control of the furnace-manager 
it is not usually possible to do much towards reducing this 
item. I would, however, point out the possibility of predict- 
ing through a study of this factor the quantitative effect of a 
new ore or ore-mixture on fuel-economy, or the saving to be 
expected through washing or other concentration of the ore. 

In respect to carbon-loss in the shaft of the furnace, it is 
thought that current furnace-practice is, as a rule, fairly satis- 
factory with the exception that in the Southern districts the ore 
and limestone are generally insufficiently crushed and sized 
previous to charging. I believe that in a number of cases it 
would be possible to save at least 100 lb. of fuel per ton of iron 
by better practice in this regard. In the case of easily-reduci- 
ble ores, such as the Mesabis, fineness beyond a certain point is 
undesirable, since it induces an excessive carbon-deposition 
and causes hanging of the furnace. On the other hand, diffi- 
cultly-reducible ores do not cause this trouble, and fuel may 
be saved by having them as finely crushed as is compatible 
with a reasonably low loss in flue-dust. This statement is 
abundantly confirmed by experience with magnetic concen- 
trates. 

In conclusion, I hope that this paper may do something 

»» The Fuel Economy of Dry-Blaat as Indicated by Calculations from Empirical 
Data, Journal of the Iron and Steel InstvtuUe, vol. Izzz., p. 160 (No. IL, 1909). 
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towards arousing interest in the more exact study of blast- 
1 arnace operations, and, in particular, may lead to the publica- 
tion of more complete and accurate data by those actively 
engaged in furnace management. It is freely admitted that 
the details in the method of calculation here proposed may 
need revision, but it is only through the accession of more 
accurate data that the needful corrections can be made. 

VII. Efficiency as a Faotoe in Furnace Manaubment. 

1. The Efficiency Princi'ple. 

Efficiency of management may be defined as the ratio of the 
actual results to the best possible theoretical results. 

Simple as this proposition may appear, it is far from being 
universally accepted as the proper guage or standard of man- 
agement, and it is only within recent years and in a limited 
number of industries that the principle has been applied at all. 
The difficulty, of course, is in the determination of the best 
possible theoretical results, or, in other words, in the setting of 
the standard for comparison. The study of manufiujturing 
operations with a view to obtaining this information and 
standardizing both results and methods of obtaining them is, 
under the name of production engineering, now receiving re- 
cognition as a special branch of engineering science. 

From this stand-point manufacturing operations may be 
divided into two groups : 1, those in which labor is the chief 
item of cost; and 2, those in which the material cost offers the 
chief opportunity for saving. 

The best example in the first group is the machine-shop, 
which industry has been particularly benefited by the work of 
F. W. Taylor, the pioneer in production engineering. Taylor’s 
problem here was two-fold : 1, the theoretical maximum out- 
put of each machine must be found ; 2, it was necessary to 
find means of persuading their human operators to closely 
approach this maximum. His solution was reached through 
careful time-study of the elements of every operation, com- 
bined with the use of various task-systems as a basis for the 
payment of labor. The successful issue of his studies is best 
appreciated through a perusal of his monumental work. Shop 
Management.®* 

Tramactions of the American Society of Mechanical JEngineer% vol. xxiv., pp^ 
13-*7 to 3456 (1903). 
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An excellent example of the application of efficiency methods 
to an industry of the second type is found in the work of 
Charles Catlett on the beehive coking process.®^ In this case, 
through the establishment of a system of daily efficiency- 
records, both output and yield of coke were increased to a re- 
markable degree, costs being correspondingly lowered. 

In my opinion this work has never received the attention 
which it deserves. Its importance is due not only to the re- 
sults accomplished, which are a striking illustration of the 
value of efficiency records, but also to its perfect application 
of the general principle involved. 

In addition to these two industries, the efficiency principle 
has been applied in a number of instances to foundries, the 
work of Harrington Emerson and associates being especially 
noteworthy in this connection. Eecently I have become cog- 
nizant of efforts which are being made to apply it to mining- 
operations. 

2. The Ajp'pUeation to the BlasUFurnace, 

About five years ago the work of Taylor and Catlett came to 
my attention, and through interest in their results I was led to 
examine the feasibility of applying the same principles to blast- 
furnace operations. So far as known, there has thus far been 
no systematic effort looking towards the use of this idea in the 
manufacture of iron, and it is hoped that this investigation 
may he a definite step in that direction. 

The first question involved in this application is the qualita- 
tive definition of “ best results.’’ In other words, what is the 
object for which the blast-furnace is operated ? The answer to 
this, of course, is profits. Carrying the analysis still further, 
we find a large number of items upon which efficiency depends, 
but the four which are of chief importance in the technical 
operation of the furnace are, output, quality, fuel-consumption, 
and labor-cost. 

The especial importance of fuel-consumption follows not 
only because it is a factor in the determination of both output 
and labor-cost, but also because it is the largest single item in 
the cost-sheet which is subject to the control of the furnace- 
manager. This is well shown by Table V. 

Coking in Beehive Ovens with Eeference to Yield, Trans* , xxziii., 272 
(1903). 
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Table V. — Approximate Percentage of the Items JEntering into 
the Cost of Making Pig-Iron. 



Alabama 

Virginia. 

Pittsburg. 

Chicago. 

Atlantic Coast. 

Ore 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent 

Per Cent. 

b5 

38 

70 

64 

43 

Flux 

1 

7 

2 

2 

5 

Fuel 

47 

39 

18 

34 

40 

Labor 

10 

11 

6 

6 

8 

Supplies and repairs 

7 

5 

4 

4 

4 


100 

100 

100 

10^ 

j 100 


Tremendous advances have been made within recent decades 
in the development of labor-saving machinery designed for the 
purpose of reducing the relatively unimportant item of labor- 
cost. I would not question the value of such improvements as 
skip-hoists, casting-machines, pig-breakers, etc. I believe, how- 
ever, that a simultaneous study of the possibility of metal- 
lurgical improvement and of the cost-sheet will show that in 
many cases far greater returns could have been obtained 
through judicious expenditure looking towards the reduction 
of fuel through an increase in available heat. 

Recalling my own experiences, I am inclined to think that 
most furnace-men place too much emphasis upon the mechanical 
equivalents of labor, having in mind their difficulties in the 
supply of labor, and losing sight of the relatively unimportant 
efieet of these improvements upon the cost-sheet. 

In applying the efficiency principle to the fuel-requirements 
of the blast-furnace we are immediately confronted with the 
lack of a proper basis for the analysis of the fuel-requirements 
and the calculation of the theoretical best, or standard per- 
formance. It was to supply this need that the present investi- 
gation was undertaken, and it is hoped to supplement it in the 
future by additional papers on the other factors of efficiency. 
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The United States Iron Industry from 1871 to 1910. 

BY JOHN BIRKINBINl, PHILADELPHIA, PA 
(Wilkes-Barre Meeting, June, 1911 ) 

Modern advances in practically all lines of industrial develop- 
ment have occurred in such rapid succession, and have been 
accepted so readily as accomplished facts, that a retrospect sur- 
prises us, by showing how comparatively few of the acknowl- 
edged factors of improved conditions may be considered as old. 
While these advances have not been confined to any country, 
they have been more pronounced in some than in others, and 
nowhere more so than in the United States, the population of 
which, having multiplied nearly three-fold between 1870 and 
1910, demanded a proportionately greater increase in materials, 
supplies, and manufactured products. It therefore appears de- 
sirable to discuss mainly conditions in the United States, as 
concrete evidence of industrial progress throughout the world. 

Looking backward for but three generations, we may trace 
the introduction and development of canal- and steamboat-navi- 
gation; railroad-transportation; artificial illumination beyond 
that furnished by candles and animal-oils ; quick communication 
by mail, and subsequently by telegraph or telephone; the 
manufacture of iron, beyond forms of small dimensions ; the 
production and utilization of steel in large quantities; the eco- 
nomic use of mineral fuel, oil and gas, etc. 

The practical coincidence of the fortieth anniversary and 
the 100th technical meeting of the American Institute of Min- 
ing Engineers, offers temptation to recall and compare the 
conditions of mining and metallurgy in or about the years 1871 
and 1911. 

A complete resumi would cover phenomenal changes in 
mining-methods and equipment hy which the output, of indi- 
vidual exploitations has grown from scores to hundreds and even 
thousands of units in equal time-intervals. Extension of opera- 
tions in depth and area, demanding machinery of great power 
and efficiency, high percentage of extraction, utilization of what 
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was formerly waste, and the beneficiation of inferior mineral ; 
the employment of mechanical appliances in exploration and 
development, and of vehicles for transportation which take 
care of large quantities at low cost per ton-mile ; and improved 
methods of mine-working and mine-supports — are among the 
factors of mining progress. The appliances by means of which, 
in four decades, the annual coal-production of the United 
States was increased 14-fold, and millions of tons of material 
which, in 1871, passed to the waste-piles were industrially util- 
ized, are merely instances of this progress. 

An equal advance in metallurgy has been effected by the 
combined efforts of the chemist, the metallurgist, the mechani- 
cal engineer, and, lately, the electrical engineer. 

Of the advances made during the life of the Institute, the 
record of the pig-iron industry is presented as a typical exam- 
ple ; for on this industry is based the marvelous development 
of the American steel manufacture, and of the industries em- 
ploying steel as a material. 

The relatively insignificant production of Bessemer steel, 
reckoned in long’’ tons of 2,240 lb. av. (about 36,700 in 1870), 
grew to 9,500,000 tons in 1910, and the product of open-hearth 
steel, of less than 1,400 tons in 1870, has increased until last 
year 16,500,000 tons were made in the United States. 

The railroad-mileage of the country (60,000 miles in 1870) 
has been augmented to 343,000 miles; and the construction of 
more than 40,000 miles of trolley-systems, together with the 
introduction of steel structural work, has been responsible for 
much of the increased consumption of steel. 

The history of the Institute covers the introduction of nat- 
ural gas in the manufacture of iron and steel ; the predomi- 
nant employment of coke as a fuel for blast-furnaces; the 
production of basic steel, and the general replacement of 
iron by steel; the use of mixers for molten metal; the manu- 
facture of American tin-plate; the construction of iron or 
steel vessels, armor-plate, steel cars, and structural steel 
buildings ; the installation of pipe-lines to convey oil ; the utili- 
zation of electricity for light and power, and the creation of 
great industries for the production of cement, aluminum, and 
metallic alloys, and for the manufacture of bicycles, automo- 
biles, and the apparatus of aviation. 
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The application of high-pressure steam or air, of water-tur- 
bines under high heads, of high-speed machinery and tools, of 
high- temperature blast, and of high explosives, are features of 
the four decades of the Institute’s existence ; as are also the 
advances in practical electro-metallurgical processes, and many 
instances of utilization of by-products or waste material. 

In iron-smelting, regenerative hot-blast stoves, by-product 
coke- and charcoal-ovens, skip-hoists, liberal water-cooling, gas- 
engines, and the dry-air blast, are special developments of the 
same period, contributing to increase of product, decrease of 
fuel-consumption, reduction of labor-cost, and control over the 
quality of the metal made. 

Omitting consideration of the details of conversion, manip- 
ulation, and utilization of metal made possible by the applica- 
tion of machinery of great power and high efficiency, the 
simple story of the amount of iron-ore smelted to produce pig- 
iron between 1870 and 1910 constitutes a sufficient gauge of 
phenomenal advance; and the fact that in 1871 iron rails com- 
manded |70 and steel rails |102 per ton, while in 1910 no iron 
rails were produced, and the price of steel rails was |28 per 
ton, although the prevailing wage-rate had been more than 
doubled, epitomizes the change of conditions. 

Iron-Orb. 

The ninth census gave the consumption of iron-ore in the 
United States for the year 1870 as 3,831,891, and the produc- 
tion of pig-iron as 1,665,179 long tons. At that time, Penn- 
sylvania headed the list of States in pig-iron production, and 
supplied fully one-third of the iron-ore won. The iron-ore 
record for 1909 shows: Minnesota, 28,975,149; Michigan, 
11,900,384; Alabama, 4,321,252; Wisconsin, 1,067,436; Hew 
York, 1,015,333; Virginia, 837,847; and Pennsylvania, 666,889 
long tons. The estimated production of iron-ore in the United 
States in 1910 is 53,500,000, and the pig-iron output was 
27,303,567 long tons. 

For 17 years prior to 1871, the Marquette range in Michi- 
gan had been shipping mineral; but the entire output of 
Lake Superior iron-ore in 1871 (818,379 long tons) was less than 
the storage-capacity in 1910 of the 6,918 pockets in the 29 ship- 
ping-docks on the great lakes, through which, in that year, 
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42,619,060 tons of iron-ore were loaded into vessels ; and the 
total production of this range for 17 years was less than its 
output in 1909. Since 1871, the Marquette range has fur- 
nished 93,500,000 ; the Menominee range (opened in 1877), 
75,750,000; the Gogebic range (opened in 1884), 66,000,000, 
and the State of Minnesota, which up to 1884 had furnished no 
iron-ore, 256,000,000 long tons. In round numbers, the total 
production of iron-ore in the Lake Superior region, to the 
close of 1910, was about half a billion tons — practically all 
mined during the life of this Institute. 

The mining-conditions in 1871 were summarized in a paper 
by Major T. B. Brooks.^ 

‘‘The iron ores of the Marquette region are mostly extracted in open excava- 
tions ; hence the process is more properly quarrying. ... no considerable 
amount of ore has as yet (1870) been extracted underground in the region, and of 
that so mined very little has been taken out at a profit ; . . . . Nearly the 

same remarks may be applied to the mines of the Iron Mountain region, Missouri, 
the ores of which are very similar in character to those of Marquette. Some of 
the New York and New Jersey magnetic deposits are wrought open, but this is 
the exception, underground mining there being the rule.” 

Iron-ores from the Marquette range of Michigan (the only 
producing section of the Lake Superior region) were then prin- 
cipally used to mix -with other ores ; and the various sources 
from which ores were assembled at blast-furnaces, about the 
time of the organization of the Institute, are suggested by the 
record that in 1878, eleven blast-furnaces in Pittsburg and 
vicinity produced 141,773 long tons of pig-iron, and were sup- 
plied with ore from the following localities : 

Long Tons. 


By rail, Lake Superior ores, 202,840 

By rail. Lake Champlain ores, 3,440 

By rail, Iron Mountain, Mo., ores, 24,580 

By river, Iron Mountain, Mo., or^, 88,489 

Native local ores (mostly carbonates), .... 1,492 


Total, 320,841 


In 1910, on the other hand, 47 blast-furnaces in the Pitts- 
burg district produced 5,330,982 long tons of pig-iron from 
10,000,000 tons of ore brought from the Lake Superior region, 
practically a ten-fold increase per furnace, and a total district- 
output augmented 30 times. 


1 IVam, i., 193 (1871-73). 
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Most of the other Pennsylvania furnaces relied in 1871 on 
the Cornwall ore-banks or local hematites, while some were 
dependent on carbonates and Clinton ores. In that year, the 
Lake Champlain region of ISTew York supplied 183,343 tons of 
iron-ore, and the JSTew Jersey magnetite-mines about 450,000 
tons. The annual output of the Hew York mines now approxi- 
mates 1,000,000 tons, and gives promise of material increase, 
while there has been little change in the total product of the 
Hew Jersey mines. 

The Ohio furnaces then depended mainly upon local car- 
bonates and Lake Superior ores; but little of the former class 
is now smelted. 

In 1871, the limited amount of ore won in the Southern 
States fed small charcoal blast-furnaces; but in 1910, Alabama 
alone made 1,939,147 tons of pig-iron, chiefly from ores de- 
veloped since the birth of the Institute ; and the iron-ore out- 
put of Virginia, Horth Carolina, Ceorgia, Alabama, and Ten- 
nessee now approximates 6,000,000 tons per annum. 

Our comparison of the iron-ore and pig-iron industries of 
1871 with those of the present day may be emphasized by the 
mention of some features of special and dramatic interest, such as ; 

1. The production in one year from a single mine, in Minne- 
sota, of 3,000,000 tons of iron-ore — an amount practically equal 
to 80 per cent of the entire output of all domestic mines in 1871. 

2. The output of a million tons in 1910 from a single shaft 
of a Michigan iron-ore mine, raised from the ore-body 2,150 
ft below the surface in skips, carrying 6 tons each, which cover 
the entire lift in one minute. 

3. The practice of digging ore by powerful steam-shovels in 
large areas, from which 100 ft or more of over-burden has been 
stripped; the shipment of this ore in long trains of 50-ton 
dump-cars; and its transfer into specially-designed vessels 
through numerous dock-pockets holding 200 to 350 tons each, 
at a rate which has sometimes exceeded 10,000 tons per hour. 

4. The quick voyages of such vessels to receiving-ports and 
return; the discharge of cargo by mechanical appliances at the 
rate of 2,000 tons per hour, and the conveyance of the mineral 
in 50-ton ears to blast-furnaces. 

5. The accumulation at docks and at iron-producing plants 
of stock-piles of ore measured in millions of tons, to be subse- 
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quently fed at the rate of several thousand tons per day to 
batteries of blast-furnaces. 

6. The increase in magnetic concentration; the mills at one 
group of mines (Mineville, IST. Y.) having a capacity of 3,000 
tons per day, while extensive plants have been constructed 
to treat lean hematites with separators, and nodulizing- and 
sintering-furnaces. 

In the series of operations thus outlined, much of the ore is 
never touched by the miner, shipper, laborer, or furnace-man, 
from the time it leaves its natural bed until, with the requi- 
site quantities of flux and fuel, it enters into the charge of the 
modern blast-furnace, the product of which averages ten times 
that of the larger furnaces in 1871. Indeed, a considerable 
portion of the iron-ores now smelted are not touched by the 
hand of man until, after passing through the blast-furnace, 
being conveyed by ladle-cars in a molten state to casting- 
machines, mixers, and converting-plants and mills, they become 
finished merchantable products. 

Pig-Iron. 

In 1871 England held first place among pig-iron producing 
nations, followed by the United States and Germany, but at 
the present time the output of both the United States and Ger- 
many has exceeded that of England ; in fact, the United States 
has surpassed the combined output of Germany and England. 

Production of Pig-Iron. 

Production (long tons) 

1871 1910. 

Great Britain, 6,627,179 10,216,745 

Germany and Luxemburg, .... 1,563,682a 14,227,4o5a 

United States, 1,706,793 27,303,567 

a Metric tons. 

ITotwitlistanding the establishment of new iron- and steel- 
producing centers in other States, Pennsylvania has continued 
to be the largest contributor of metal. Fo country in the 
world (except Germany and Luxemburg combined) made in 
1910 as much iron as this State ; and the output of the Pitts- 
burg district, notwithstanding the circumstance that it draws 
the greater part of its ore-supply from sources 800 to 1,100 
miles away, was exceeded by no foreign nation except Ger- 
many-and-Luxemburg and Great Britain. 
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The growth of a magnificent industry at cities on or close to 
the Great Lake system, the establishment of iron- and steel- 
plants in Alabama and Colorado, and the enlargement of 
others elsewhere, fall within the interval here contemplated. 

The record of the important pig-iron producing States in 
1910 was: Pennsylvania, 11,272,323; Ohio, 5,752,112; Illi- 
nois, 2,675,646; Alabama, 1,939,147; New York, 1,938,407, 
and other States, 3,725,932; total, 27,303,567 long tons. 

The production of pig-iron by nations and by States could 
be followed into districts, and the change of status emphasized ; 
for new producing-centers have been added and some old ones 
have increased in output, while others have been stationary, 
and a few have shown a decadence. Important factors in 
these changes have been : (1) the improvements in transporta- 
tion, which, by increasing the carrying-capacity of vessels and 
ears, and the efficiency of mechanical handling in loading, un- 
loading, and transfer, have largely eliminated the influence of 
distance; (2) the concentration of industries under central 
management; (8) the demand for material in newer sections 
of the country, creating market-centers, from which the pro- 
ducts of furnaces and mills are distributed; and (4) the in- 
creased available supply of labor, largely of a skilled character, 
demanded by the mechanical equipment connected with mines, 
furnaces, converting-works, and mills. 

The marked influences of fuel- and ore-supplies and market- 
demands upon the establishment of producing-centers have 
been discussed in other papers which I have presented to the 
Institute.^ 

The Blast-Furnaces of the 70's. 

When the handful of men who, recognizing the advantage 
of mutual help and interchange of knowledge, assembled in 
Wilkes-Barre in May, 1871, and organized the Institute, the pre- 
dominant hlast-furnace structure was a truncated square pyra- 
mid of stone masonry, lined with refractory brick or stone, the 
crucible often being formed of stone neatly dressed to shape. 
From the throats of many furnaces the hot gases, meeting the 
air, became flame, pulsating with the action of the blast-appa- 
ratus and illuminating the surrounding country. Some of the 

2 TVaws., 2 civ., 561 (1885-86) ; xv., 147, 690 (1886-87) ; xxi., 473 (1892-93). 
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newer furnace-stacks, however, were cylindrical shafts of brick 
held by bands or shells of metal, and supported on masonry piers 
or metal columns, the top being closed with bell and hopper. 

Many furnaces were fed by runways leading to a leveled 
stock-yard built into an adjacent hill-side; others employed in- 
clined planes; and a comparatively small number used vertical 
hoists, sometimes water-ballasted, to raise stock from the 
general working-level of the plant. Iron* pipe hot-blast stoves or 
long cylindrical boilers (sometimes both) were' supported upon 
costly masonry piers and arches, to facilitate the diversion of 
the gases from the furnace-top to boilers or stoves. 

While some excellent examples of steam blowing-machinery 
were in use, the prevailing types were horizontal blast-cylinders, 
operated by spur-gearing from a horizontal steam-engine, or 
vertical bousing or beam-engines of long stroke and large 
cylinder-diameter, the air-cylinders reaching dimensions of 9 
ft. diameter and 9 ft. stroke, and the majority of the blowing- 
engines being operated without condensers. At some im- 
portant plants, water-wheels furnished the power ; and among 
the charcoal-furnaces there were examples of wooden blowing- 
tubs and receivers, the pistons of which were driven by over- 
shot or breast water-wheels. 

In the larger furnaces, the general working-limit of blast- 
pressure was 5 lb. per sq. in. ; and if this pressure were doubled, 
the machinery would be stalled, or the manager would endeavor 
to loosen up the stock by reducing the burden. 

An output of 30 tons per day was considered satisfactory for 
an average furnace, and the weekly production of 300 tons was 
Buificient to excite comment. In 1878, the record of 100 tons 
of pig metal produced by a single blast-furnace in a day, 
startled metallurgists throughout the world. Closed fronts 
were a new feature. As a rule, the fluid metal and cinder ac- 
cumulated in a fore-hearth, the latter overflowing from under 
a removable plate; and furnaces were worked’’ periodically, 
to remove accumulations of unconsumed fuel, ash, and dirt. 

Railway-cars of from 5 to 10 tons capacity delivered the raw 
material to, or carried the metal from, the more important 
plants, although some depended largely upon canal-transporta- 
tion, and many charcoal-furnaces relied solely upon wagon-haul, 
for raw material and product. 
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In some large furnaces, masses of coal, ore, and limestone, 
limited only by the ability of the “fillers” to handle them, 
were fed into the tunnel-heads, and little attention was given 
to preparing stock, except at charcoal-plants. The filling of 
charging-barrows and their discharge into the furnace were 
done by manual labor ; and the casting and breaking of pig- 
iron demanded a force which practically dominated the opera- 
tion of the plant ; for pig-iron was cast in sand-beds or chills, 
broken and rembved by hand, and cinder was carried away in 
carts or tram-cars. 

In 1870, one-half of the pig-iron product of the United 
States was made with anthracite coal, 30 per cent, with raw 
bituminous coal and coke, and 20 per cent, with charcoal ; but 
within five years thereafter, the proportion made with bitu- 
minous coal and coke exceeded that obtained with anthracite ; 
and it subsequently increased until, in 1910, the pig-iron out- 
put of 27,303,667 long tons was divided into 26,257,978, or 
96.2 per cent., made with coke; 649,082, or 2.4 per cent, made 
with anthracite (generally with coke admixture); and 396,607, 
or 1.4 per cent, made with charcoal. 

To the production of pig-iron should be added that of blooms, 
averaging about 60,000 tons per year. In 1871, these were 
made in charcoal-bloomeries from magnetite; but charcoal- 
blooms are now made from scrap only. 

The organization of our Institute occurred at the time when 
the manufacture of iron was in a state of transition, when the 
older constructions were being displaced by those of newer 
design, and the theory of smelting was being scientifically in- 
vestigated. The situation was epitomized by B. 0. Peehin,® 
who said, in a paper. The Position of the American Iron 
Manufacture, read at the Pittsburg meeting of October, 1872 ; 

The time has come when scientific research is to assume its true position — 
the day of ‘sheer force and blind stupidity/ whose only protection was a high 
tariff, has gone by forever. The prodigal waste of the rich gifts of nature ; the vast 
sums of money thrown away ; the hard labor, in the aggregate too large to be even 
approximately estimated, which has been uselessly expended ; the mishaps, draw- 
backs, and failures which have followed every step of our business, show most 
conclusively that the physicist, the geologist and mineralogist, the chemist, the 
engineer and mechanic, are as essential to success as the furnace itself, or the labor 
that works it Eternal vigilance is the price of pig-iron/^ 


» Tram., i., 279 (1871-73). 
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Eadioal Changes in Blast-Furnaces. 

In the period under contemplation, there have been radical 
changes in the shape and proportions, equipment, appliances 
and location of blast-furnaces. The low flat bosh and narrow 
crucible were gradually changed, until the “ no-bosh ” furnace 
was suggested ; and subsequently the very steep slope of boshes 
gave place to large hearth and moderately flat boshes. The 
height of furnace, which became excessive, exceeding 100 ft., 
has settled down to more moderate dimensions. The number 
and size of tuyeres were augmented, and economical blowing- 
apparatus was designed, to meet the greater demands of volume 
and pressure. Regenerative hot-blast stoves displaced iron- 
pipe stoves. The removal of ore>- and coke-dust from blast- 
furnace gases and the cleansing and utilization of these, to- 
gether with the recovery of the mineral-producing dust, and 
the employment of gas for operating blowing-machinery and 
other purposes, as well as the conversion of cinder into 
cement, and the use of gas from nearly 5,000 by-product ovens, 
deserve attention in this connection. The production of more 
than 7,000,000 barrels of cement from blast-furnace cinder, rep- 
resenting about 10 per cent, of the Portland cement output of 
1910, and an augmented yield of coke in by-product ovens, 
accompanied by a recovery of waste products valued at |2,000 
per active oven per annum, illustrate the latter proposition. 

The various changes in structure, equipment, and operation, 
the developments in mining, metallurgy, chemistry, and eco- 
nomic management, by which the results mentioned have been 
obtained, are described and discussed in the cyelopsedic 
library constituted by the 41 volumes of our Transactions. In 
the initiation, investigation, or practical demonstration of these 
improvements, our members in the TJnited States and other 
countries have done so much that the progress of the iron and 
steel industry since 1871 is practically a part of the history of 
the Institute. 

Many to whom the world is indebted for special features of 
this progress have passed away, leaving as legacies the results 
of their patient research and ingenuity, while others, who have 
rendered service of equal value, are still in harness, devoting 
their energies to economic problems which benefit us all. The 
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recognition which such men have given to the value of our 
organization as a medium of the exchange of experiences, indi- 
cates the proud position held by the American Institute of 
Mining Engineers. 

While this paper has been confined to the mining and smelt- 
ing of iron-ores into pig-iron, the efforts of members of the In- 
stitute should be recognized in the marvelous improvements 
made in the conversion of iron into steel, and the fabrication 
of the metal into merchantable shapes by the use of powerful 
and economically-operated equipment and machinery, for these 
have been most potent factors in creating a market for the 
pig-iron produced. If it were deemed advisable to extend the 
paper to cover processes beyond the production of pig-iron or to 
enter into details of mining coal, irou-ore or other mineral, or 
the treatment of ores other than iron-ores, the services rendered 
by the members of the American Institute of Mining Engineers 
would appear as pronounced as in the special lines which have 
been discussed. 

What of the Future? 

The wonderful developments of the past 40 years naturally 
suggest speculation as to the future. It may be that the manu- 
facture of iron and steel is now entering upon an era of radical 
departure from present practice. The use of electricity for 
smelting, the advance in magnetic separation and other means 
of enriching ores, and the nodulizing or sintering of fine 
material, suggest that some ores now considered undesirar 
ble will be in demand, and that deposits now known, but 
unwrought, will be exploited. Iron-ores now under the ban, 
because of constituents considered deleterious, may, by bene- 
ficiation or improved smelting-methods, be made acceptable. 
Moreover, the large deposits of iron-ore, notably in the State 
of Hew York, and in Cuba and Scandinavia, which require 
treatment, and those from other countries which reach our 
ports, indicate a probable revival of the iron industry of our 
Eastern States, where a liberal market exists. Industrial 
progress along the Pacific slope, in the Central W est, and in 
the South, also suggests fields for extension of the iron and 
steel industry, dependent upon raw materials which can be 
advantageously assembled. The use of dry-air blast; the 
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utilization of blast-furnace cinder as a base for cement-manu- 
facture ; the application of gas from blast-furnaces or from by- 
product coke-plants as a means of power; the recovery of 
waste ; the increase in economy of machinery employed ; — 
— all these are lines in which further improvement is prob- 
able. The extension of labor- and fuel-saving auxiliaries to 
plants, and the prosecution of chemical and metallurgical re- 
search, encourage the hope of a continued production of iron 
at low cost, while the growing demand for ferro-alloys may 
develop a radical departure from the present accepted design 
of plant. 

The Graphic Record. 

To illustrate graphically the changes in the pig-iron industry 
of the United States during the last 40 years, the diagram. Fig. 
1, has been prepared, in which the ordinates represent years, 
and the abscissas show on the right the number of blast-fur- 
naces, and on the left the production of domestic iron-ore and 
pig-iron in millions of tons. The upper curve indicates the num- 
ber of blast-furnaces reported as active or ready for operation 
in each year; but it should be remarked that the unwillingness 
of owners to report a plant as abandoned, makes this number 
greater than the facts really warrant. While the lower curve 
shows the number of furnaces in blast at the end of each year, 
the true condition would in most cases be between the two 
curves. The decrease in the number of furnaces and the coin- 
cident increase in the annual production of pig-iron demon- 
strate that while the dimensions of the average blast-furnaces 
of 1910 are much greater than those of 1870, the increased 
output per furnace far exceeds any increase of size ; improve- 
ments in equipment, technical management, and scientific metal- 
lurgy having raised the average output per furnace from about 
6,000 to 100,000 tons per year, to meet a per capita demand of 
the country augmented six-fold — at the same time greatly re- 
ducing the fuel-consumption per ton of product. 

The production of domestic iron-ore and pig-iron shows ap- 
proximately the relations which the raw material bore to the 
product, but to the quantity of ore should be added mill-cinder, 
scale, etc., and imported iron-ore, the latter ranging from 180 
to 2,691,031 tons per year. 

To assist in studying this diagram the figures and quantities 
are given in Table I. 
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Table I . — Total Number of Blast-Fumaees in the United States 
on Dec. 31 of the Following Years, xoith Domestic Frodue- 
tion of Pig-Iron and Iron-Ore. 


I Number of 
Year | Existing Blast- 
! Furnaces 

1 

In Blast at 
Close of Year 

Quantity of Pig- 
Iron Produced. | 

Quantity of Domestic Iron- 
Ore Produced 

1 



Tons. 1 

Tons. 

1 

1 



1 

1 

« 3,831,891 (1870) 

1871 

571 


1,706,793 


187 -i 

612 


2,548,713 


1873 

657 

410 

2,560,963 


1874 

693 

365 ! 

2,401,262 


1875 

713 

293 ; 

2,023,733 


187t) 

712 

236 

1,868,961 i 


1877 

716 

270 

2,066,594 


1878 

692 

265 

2,301,215 i 


1879 

697 

388 

2,741,853 


1880 

701 

446 

3,835,191 

a7,12{‘,362 

1881 

716 

455 

4,144,254 


1882 

687 

417 

4,623,323 1 


1883 

683 

307 

4,595,510 


1884 

669 1 

236 

4,097,868 ; 


1885 

, 591 

276 

4,044,526 


1886 

577 

331 

5,683,329 i 


1887 

683 

339 

' 6,417,148 i 


1888 

589 

332 

6,489,738 


1889 

570 

344 

7,603,642 

14,518,041 

1890 

562 

311 

9,202,703 

16,036,043 

1891 

569 

313 

8,279,870 1 

14,591,178 

1892 

564 

253 

9,157,000 

1 16,296,666 

1893 

521 

137 

7,124,502 

i 11,587,629 

1894 

511 

185 

6,657,388 

11,879,679 

1895 

468 

242 

9,446,308 

15,957,614 

1896 

470 

159 

8,623,127 

16,005,449 

1897 

423 

191 

9,652,680 

17,518,046 

1898 

414 

202 

11,773,934 

19,433,716 

1899 

414 

289 

13,620,703 

24,683,173 

1900 

406 

232 

13,789,242 

; 27,553,161 

1901 

406 

266 

15,878,354 

. 28,887,479 

1902 

412 

307 

17,821,307 

1 35,554,135 

1903 

425 

182 

18,009,252 

1 35,019,308 

1904 

429 

261 

16,497,03 ! 

' 27,644,330 

1905 

424 

313 

22,992,380 

1 42,526,133 

1906 

429 

340 

25,807,191 

47,749,728 

1907 

443 

167 

25,781,361 

51,720,619 

1908 

459 

236 

15,936,018 

35,983,336 

1909 

469 

338 

25,795,471 

51,294,271 

1910 

474 

206 

27,303,567 

53,500,000 estimated). 


^ Census iigures. 

The number of blast-furnaces and the production of pig- 
• iron are copied from the reports of the American Iron and 
Steel Association, and the data as to iron-ore are mainly 
from the statistical reports of the IT. S. Geological Survey. 
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Chamber- Pillars in Deep Anthracite-Mines. 

BY DOUGLAS BUNTING, WILKES-BARRE, PA. 

(Wilkes-Barre Meeting, June, 1911.) 

With the gradual exhaustion of the upper veins in the an- 
thracite coal-fields, the problem of mining at greater depths 
acquires increasing importance and demands the consideration 
of a number of important factors, one of which is the greater 
earth-pressure and the consequent necessity of stronger support 
for the roof 

Under the pillar-and-chamber system, almost exclusively fol- 
lowed in the Northern anthracite-field, the highest economy in 
mining is generally secured by leaving, on first mining, pillars 
only sufficient to support safely the overlying strata. As to the 
necessary size of such pillars, the opinions of mining experts 
are widely divergent. In establishing the width of chambers 
and pillars, the thickness of vein and its depth below the sur- 
face have received little consideration. For instance, it has 
been quite usual to work both overlying and underlying veins 
with the same width of chambers and pillars, when the lower 
vein was two and one-half times as thick, and twice as far 
below the surface, as the upper. In view of the generally- 
accepted theory that the crushing-strength of coal-pillars of the 
same base-area becomes less with increased height, it is proba- 
ble, in this instance at least, that the most economical mining 
has not been secured. 

This question of adequate pillar-support is economically less 
important down to about 800 ft. than at greater depths ; and 
it is with reference to mining at these greater depths that the 
study of the subject here presented has been prompted. 

The necessity of leaving larger pillars, involving greater- 
mining-costs per ton and also smaller yields per acre, is one of 
the troubles of deep working. To mine without leaving ade- 
quate pillar-supports will result, sooner or later, in a squeeze. 
Limited areas, it is true, have been mined at certain widths of 
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chambers and pillars, without caving or squeezing; but this is 
not positive proof that such pillars would be of sufficient size, 
under the same conditions of thickness of vein and depths below 
the surface, for larger areas ; for frequently a squeeze will not 
be induced until a large area has been mined. That consider- 
able portions of our coal-deposits have been abandoned, tempo- 
rarily or permanently, on account of caves and squeezes, is ap- 
parent to every observer. The primary cause of a squeeze is 
insufficient support; the secondary causes are the desire for 
large immediate output, the lack of systematic mining, and 
the disturbance of the strata due to some other squeeze or 
cave. The primary cause, and its possible avoidance, will be 
considered later. Of the secondary causes, it is unnecessary to 
discuss at this time the desire for large output, and the lack of 
systematic mining. 

The production of a squeeze by the disturbance of the strata 
caused by another squeeze, in an overlying or underlying vein, 
is a very common occurrence, the results of which are fre- 
quently as serious as those of the original movement. Work- 
ings which, otherwise, would have safely withstood the pres- 
sure due to their depth below the surface may be thus disas- 
trously affected. The inherent effects of a squeeze are the 
crushing of the pillars, the caving of the roof, and the heaving 
or lowering of the bottom. These occur in various degrees 
and combinations ; but usually the crushing of the pillars is 
followed by a breaking and caving of the top, which will usu- 
ally arrest the lateral extension of the squeeze. The area of 
crushing apparently depends upon the nature and size of the 
coal-pillars, as well as the nature of the roof. The indirect 
and general effects of a squeeze include possible loss of life ; 
surface-disturbance, with consequent damage to buildings and 
other surface-improvements ; the liberation of gas and water 
into the mine ; the caving of gang-ways and air-ways ; and the 
necessary suspension of mining in sections of the mine directly 
affected, and frequently in those contiguous thereto. It need 
hardly be added that these results, though variable in import- 
ance according to local conditions, all add to the costs of 
mining. 

It will doubtless be possible to recover hereafter a consider- 
able part of the coal in old workings where the pillars have 
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been more or less crushed by the settling of the overlying 
strata ; but this could be done only at increased expense, com- 
pared with the present mining-costs, and is therefore not com- 
mercially practicable at the present time. 

It is, of course, not practicable to determine accurately the 
unit-pressure on coal-pillars, by reason of the variations in 
density of the overlying strata. Moreover, the unit-pressure 
will not vary directly as the depth, according to the law 
of gravitation; and normal unit-pressure on the pillars, for 
constant depths and density of overlying strata, will be de- 
pendent upon the dip of the vein. However, the variations due 
to varying densities and the laws of gravitation are so slight 
for the conditions under consideration that they can be ignored; 
and the variation of normal pressure due to dip, having little 
significance for the light dips characteristic of the Northern 
anthracite-field, may likewise be ignored. We may therefore 
reasonably say, for the conditions under consideration, that the 
pressure due to the overlying strata will vary directly as the 
depth below the surface. 

The fracture of anthracite under compression occurs by 
shearing along planes at various angles to the direction of the 
applied force. The angle of fracture depends largely upon 
the brittleness of the coal ; and the resistance to movement 
in these planes is made up of the shearing-strength of the coal, 
and the frictional resistance along the plane, i e., the shearing- 
component of the imposed load. This theoretical angle of 
rupture has been verified with many materials, but shows in 
the case of coal considerable variation, probably due to the 
lack of uniformity of the material. The testing of anthracite 
coal-specimens for compressive strength presents, therefore, 
many difi&culties, and gives variable figures of crushing-strength. 
Numerous tests are required for the determination of a fair 
average for even one size of specimens and one particular vein. 
The crushing-strength of specimens from the various benches 
of a vein will vary to a greater or less extent, depending upon 
the vein. In the preparation of test-specimens, there is diffi- 
culty in cutting the specimens to exact dimensions and in ob- 
taining parallel and plane bearing-surfaces. The specimens 
are liable to contain cracks which are only revealed after load- 
ing. All these circumstances influence the results of the test. 
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Anthracite test-specimens are generally taken from the stronger 
benches of the vein. The comparative crushing-strength of 
the various benches of a vein could probably best be arrived 
at by using drill-cores, which could be cut into desirable 
lengths. 

The compressive-tests on coal-specimens, reported below, 
were made by Prof. R. 0. Carpenter,^ of Cornell University, 
and Joseph Daniels,^ of Lehigh University. Other tests re- 
ported in this paper were made by Mr. Daniels on specimens 
which I submitted. 

The relation between the crushing-strength and relative di- 
mensions of Swiss sandstone has been studied very exhaust- 
ively by Professor Bauschinger, as stated by Professor John- 
son,® and, as the result of these tests, he recommends for all 
shapes of cross-section and relative heights the formula : 



in which p == crushing-strength per unit area ; A = area of 
cross-section ; u = perimeter of cross-section ; h = height of 
specimen ; a and b = constants. 

A simpler formula for rectangular cross-sections is : 

p=k+k'i ... (2) 

in which b^ = least lateral dimension ; k and k' == constants. 

Por the tests on sandstone, referred to above, this formula 
becomes : 

p = 5,500 + 1,566 ^ . . . (3) 


in whicla p = crushing-strengtli in pounds per square inch. 

To show the relation between the strength of a prism and 
that of a cube, Professor Johnson derived, from the results of 
tests by Bauschinger, the equation : 


Strength of prism 


= 0.778 + 0.222^1 
h 


Strength of cube 
in which bj = least lateral dimension ; h = height of prism. 


( 4 ) 


^ Sibley Jourrud of Engmeermg^ vol. xvi., No. 3, p, 105 (Dec., 1901). 

* 3n>gineermg and Mming Journal, vol. Ixxxiv,, No. 6, p. 263 (Aug. 10, 1907). 
® Materials of (hmtruction (1897). 
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The tests on autliraoite specimens previously referred to were 
raude on various sizes of cubes and prisms; the cubes varying 
in size from 2 to C in., and the prisms from 2.25 to 12.25 in. in 
height. These sj)eeimens were furnished by the Philadelphia & 
Reading Coal & Iron Co., the Lehigh Valley Coal Co., Lehigh & 
Wilkes-Barre Coal Co., Delaware & Hudson Co., and a number 
of others, and came from numerous veins, with the exception 
of those of the Lehigh & Wilkes-Barre Coal Co., which were 
taken from one vein. The results of these tests were tabu- 
lated with reference to the size of the specimens and ratio of 
height to least lateral dimension. The averages were then 
obtained, and these results are given in Table 1. 


Table I . — Armxje JRenults of Tests on Anthracite Specimens. 


Name of Company 

Ratio 

h 

, bj. 

1 Cru&hing-S ti ength 

Pnsm-Strength 

Cube-Strength. 

P. & H. C & I. Co., 


Pounds per Square 
Inch 

1.00 

specimens) 

1 

2,393 

(2 ) specimenb) 

2 

2,296 

0.96 

L. V. C. Co., 

' 


1.00 

. (13 specimens) 

.. . 1 

1,982 

{ 13 specimens) 

2 

1,591 

0.80 

(13 specimens) 

3 

{ 

l,40o 

0.71 

L. & W-B. C. Co , 

(20 specimens) 

... . i 0.71 

i 3,025 

1.22 

(20 specimens) 

} 1.07 

2,566 

1.00 

(20 specimens) 

1.24 

2,393 

0.87 

(20 specimens) 

.. .. 1 I.4S 

i 2,008 

0 81 

(20 specimens) 

1.77 

i 2,090 

0.76 

(20 specimens) 

1 2.06 

1 1,880 

0.84 

D. <k H. Co , ef al. 

1 



n 46 specimens) 

1 0.50 

5,113 

163 

(146 specimens) 

.... 1 1.00 

3,131 

1.00 

(146 specimens). 

1 2.00 

2,234 

0.71 


These results are plotted in Fig. 1, showing the relation of 

crushing-strength to and in Fig. 2, showing the relation of 

the strength of a prism to that of a cube, also in reference to 
h 

— . It is evident, from these plottings, that coal-prisms follow 

some law of strcingth relative to their height and breadth. 

In Fig. 1 the curve represented by the equation 

p= 1,750 + 750 i, . . . (5) 

h 
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which is based on a crushing-strength of 2,500 lb. per sq. in. 
for cubes, is plotted to show how well it fits the average results 
of the tests. In this figure there are also indicated, by con- 
centric circles, the calculated pressures per square inch on 
chamber-pillars which have caused squeezes, and with which I 
am more or less familiar. In consideration of these unit-pres- 
sures, a factor of safety is arrived at for practice; and the 
curve iit Fig. 1 represented by the equation 

b 

p = 700 + 800 . . . (6) 


is taken for that purpose. This gives a factor of safety of 
2.5 for cubes with a crushing-strength of 2,500 lb. per sq. in., 
which is a fair average of the tests. 

In Fig. 2 the curve represented by the equation 


Strength of Prism 
Strength of Cube 


= 0.70 -f 0.80 


h 


• a) 


is taken as best representing the results of these tests and other 
considerations. In Fig. 2 the equation 


Strength of Prism 
Strength of Cube 


0.778 + 0.222 


. ( 8 ) 


showing the law of variation of relative strength of prisms and 
cubes of sandstone, as evolved by Professor Johnson, is also 
plotted. 

To arrive at a formula for proportioning pillars in the pillar- 
and-chamber system of mining, the weight of the overlying 
strata is taken at 144 lb. per. cu. ft., with the following notation, 
all in feet : 

y = depth below the surface ; b^^ == width of pillar ; z = dis- 
tance from center to center of chambers ; h = total thickness 
of vein. 


The load per square foot on a pillar will be : 

And with 1,000 Ih. per sq. in., or 144,000 lb. per sq, ft,, as the 
safe loading for a cube we obtain by substituting in equation (7) 


144yzbi 

— b7“ 




0.30 ^)b. 


or 


( 9 ) 



strength of Prism ^ Crushing Strength - Poiiiitls per Siiuui’O Inch 

Strength ot Cube 5 








DEPTH BELOW SURFACE (D DEPTH BELOW SURFACE (F) 
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Fig. 3. — The Relation Between Depths and Chamber-Centers for 
Variohs Thicknesses of Veins for 24-pt. Chambers. 



Fig. 4. — ^The Relation Between Depths and Chamber-Centers for 
Variods Thicknesses of Veins for 20-ft. Centers. 
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Should the “ checker-hoard ” system of mining, which is a 
moditicatiou of the pillar-and-chamber system, be used, the 
equation would become : 

yz == 1,000 ^0.70 + 0.-30 . . (10) 

Tables II. and III., diagrammatically represented in Figs. 3 
and 4, show the relation between the depths and chamber-cen- 
ters for various thicknesses of veins, and were prepared from 
equation (9) ; Table II. giving these relations for 24 ft, and 
Table III. for 20 ft. width of chambers. I prepared Table IV. 
several years ago from the equation : 

yz = 1,000 ^0.778 -f 0.222 bi . • (H) 

wliicli is based on the crushing-strength of coal-specimens at 
the first indication of failure, and a safe crushing-resistance, for 
cubes, of 1,000 lb. per sq. in. It is evident that, for the lower 
ratios of height to width of pillars, this equation gives higher 
factors of safety than equation (9). For practical use, however, 
I believe that equation (9), from which Tables IL and III. were 
derived, is better for average conditions of veins and light 
dips. 

The question of dip is important; and it is to be understood 
that the suggestions here given are applicable only to the light 
dips characteristic of the Iforthern anthracite-field; but I hope 
to give further consideration at some future time to this sub- 
ject in its relation to heavy dips. 

In the application of any formula to the calculation of the 
size of pillars necessary to resist safely the pressure of the 
overlying strata, consideration will have to be given to a num- 
ber of conditions, such as the nature of the vein, as well as its 
contiguous stratum, and the dip. Moreover, the factor of 
safety will be dependent upon local conditions, such as the rela- 
tive location and extent of workings, and the seriousness of 
possible disturbance to the overlying strata and surface. In 
conclusion, I wish to say that I have derived a formula for 
shaft-pillars, based on the same line of deduction, which will 
be presented at some future time. Meanwhile, I trust that the 
foregoing suggestions will incite other members of the Insti- 
tute to offer their opinions on this subject, which will be of 
much value to all concerned. 
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Table II . — Depths Below Surface for Various Chamber- Genters 
and Thicknesses of Veins, li-ft. Centers. 



' 






Ihicknebb ofV 

ein 






z 

bi i 

1 

4 


S 

10 

12 

14 

10 

13 

20 

".r 

“■ 

24 

26 


30 

40 

16 1 

7(i0 

600 

520 

472 

440 

417 

400 

387 

370 

307 

360 

354 

349 

344 

45 

21 1 

1,062 

817 

694 

621 

572 

537 

510 

490 

474 

460 

419 

440 

482 ' 

425 

50 

26' 

1,378 

1,040 

871 

770 

7{»2 

654 

617 

589 

567 

548 

533 

520 

509 ' 

499 

55 

31 , 

1,705 

1,268 

1,050 

919 

1 S2»l 

768 

722 

6SG 

657 

633 

613 

596 

582 ' 

569 

CO 

36 

2,040 

1,500 

1,230 

1,068 

' 960 

884 

825 

780 

744 

1 714 

690 

069 

651 ■ 

C36 

65 

41 

2,381 

1,735 

1,411 

1,217 

11,088 

996 

926 

873 

830 

794 

' 765 

740 j 

719 ' 

700 

70 

46 

2,727 

1,971 

1,596 

1,367 i 

i 1,216 

1,108 

1,027 

GC4 

913 

872' 

' 838 

809 

7S4 1 

762 

75 

51 

3,077 

2,210 

1,777 

1,516 

1 1,343 

1 1,219 

1,126 

1,054 

996 

949 

1 909 

876! 

817 ' 

823 

SO 

56 

3,430 

2,450 

1,960 

1,666 

1,470 

1,330 

1,225 

1,143 

1,078 

1,025 

980 

942 1 

910 

882 

S5 

61 ; 

3,786 

2,691 

2,144 

1,816 

1,597 

11,440 

1,323 

1,232 

1,159 

1,099 

1,049 

1,007 

971 i 

940 

90 

66 , 

4,113 

2,933 , 

2,328 

1,965 1 

1 1,723 

1 1,550 

1,421 

1,320 

1,240 

1,173 

1,118 

1,072 

1,032 ; 

997 

95 

71 ] 

4,503 

3,176 1 

2,613 

2,115 1 

1 1,849 

i 1,660 

1,518 

1,407 

1,319 

1,247 

1,186 

1,136 

1,092 1 

1,054 

100 

76 ! 

4,864 

i 3,420 

2,698 

2,265 

1,976 

1,770 

1,615 

1,495 

1,398 

1,320 

1.254 

1,198 

1,151 , 

1.110 


Table III . — Depths Below Surface for Various Chamber- Centers 
and Thicknesses of Veins, ^Oft. Centers. 




Thickness of Vein 

z 

bi 

4 

6 

1 ® 

10 

12 i 

14 

1 

i 16 

' IS 

1 

20 

' 2'> 

1 

i 

26 

1 2S 

* SO 

40 

20 

1,100 

850 

725 

650 

600 

565 

53S 

! 517 

1 500 

486 

! 475 

465 

! 457 

450 

45 

2.5 

3,431 

1,088 

910 

806 

736 

687 

; 649 

620 

1 597 

578 

1 562 

549 

' 538 

o>8 

50 

30 

1,770 

1,320 

1,095 

960 

870 

bOG 

I 757 

1 720 

690 

665 

1 645 

627 

. bis 

GOO 

55 

35 

2,116 

1,559 

1,281 

1,114 

1,002 

922 

863 

817 

779 

748 

1 724 

703 

G84 

668 

60 

40 

2,467 

1,800 

1,467 

1,267 

1,133 

1,038 

967 

, 912 

867 

830 

800 

774 

75S 

, 733 

65 

45 

2,821 

2,042 

1,652 

1,419 

1,264 

i 1,152 

1,069 

1,003 

952 

909 1 

874 

844 

818 

796 

70] 

50 

3,178 

2,285 

1,839 

1,571 

1,393 

'1,265 

1,169 1 

1,095 

1,036 

987 

946 

912 

8SS 

857 

75 

55 

3,538 

2,529 

2,025 

1,723 

1,522 

11,377 

1,270 

1,186 

1,138 

1,063 

1,017 

978 1 

915 

917 

80 

60 

3,900 

2,775 

2,212 

1,875 

1,650 

1,489 

1,869 

1,275 

1,200 

1,139 

1,088 

1,044 

1,007 ; 

975 

85 

65 

4,263 

3,021 

2,399 

2,027 I 

1,778 

1,600 ! 

1,467 

1,864 

1,281 

1,213 

l,lo6 

3,109 

1,068 ' 

1,033 

90 

70 

4,628 

3.267 

2,586 

2,177 1 

1,906 

1,711 

1,566 

1,452 

1,361 

1,287 

1,225 

1,174 

1,128 

1,089 

95 

75 

4,994 

3,518 

2,773 

2,329 i 

2,096 

2,033 i 

1,663 

1,639 

1,441 

1,860 

1,293 

! 1,236 

1,187 1 

1,145 

100 i 

80 

5,360 

3,760 

2,960 

2,480 

2,160 

1,931 1 

1,760 

1,627 

1,520 

1,433 

1,360 

1,298 1 

; 1,246 

1,200 


Table IV . — Depths Below Surface for Various Chamber-Centers 
and Thicknesses of Veins, Calculated from JEquation (11). 




Thickness of Vein, 

z 

1 

bi. i 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

40 

16' 

666 

548 

489 

453 

427 

413 

400 

390 

382 

376 

370 

366 

S62 

358 

45 

21 

907 

726 

635 

581 

589 

518 

499 

484 

472 

462 

454 

447 

441 

436 

50 

26 

1,155 

905 

779 

705 

655 

618 

692 

571 

554 

541 

530 

520 

512 

604 

55 

81 

1,408 

1,085 

928 

826 

762 

716 

681 

654 

632 

615 

600 

587 

577 

568 

60 

86 

1,666 

1,266 

1,066 

946 

866 

811 

766 

733 

706 

684 

666 

651 

638 

626 

65 

41 

1,926 

1,448 

1,209 

1,065 

969 

901 

850 

810 

777 

751 

730 

711 

695 

682 

70 

46 

2,189 

1,680 

1,350 

1,182 

1,070 

992 

931 

884 

846 

816 

790 

769 

751 

785 

75 

61 

2.454 

1,812 

1,492 

1,299 

1,170 

1,079 

1,010 

957 

914 

880 

' 850 

825 

804 

780 

80 

56 

2,720 

1,995 

1,633 

1,415 

1,270 

1.166 

1,088 

: 1,028 

980 

938 

906 

880 

855 

833 

85 

61 

2,988 

2,178 

1,778 

1.530 

1,369 

1,252 

1,161 

1,098 

1,044 

1,000 

963 

932 

905 

880 

90 

66 

8,257 

2,361 

1,918 

1,645 

1,466 

1,338 

1,242 

1,167 

1,107 

1,060 

1,017 

98S 

954' 

928 

95 

71 

3 525 

2,545 

2,054 

1,759 

1,663 

1,423 

1,318 

1,236 

1,187 

1,132 

1,086 

1,047 

1,014 

985 

100 

76 

3,797 

2,728 

2,196 

1,873 

1,660 

1,607 

1,892 

1,803 

1,282 

1,173 

1,125 

1,084 

1,049 1 

1,019 
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Mine- Caves Under the City of Scranton. 

BY ELI T. CON.NER, PHILADELMIA, PA. 

(Wilktih-Barie greeting, June, 1911 ) 

My connection, under a commission from the Councils and 
Board of School Control of the city of Scranton, Pa., with a 
recent investigation of mine-caves and the resultant damages 
to surface-improvements, has led to the preparation, at the 
invitation of our Secretary, of the present paper. 

It is notorious that there are, in the anthracite-fields, frequent 
subsidences of the surface, due to the removal of the coal 
beneath. Fo particular attention is paid to such occurrences, 
unless they happen to injure surface-improvements. Many 
caves have happened in Scranton and its vicinity, which have 
excited but little remark, since they have generally caused no 
serious damage. 

In August, 1909, a cave occurred in the Hyde Park section 
of the city, generally known as the West Side, which nearly 
destroyed school-house Fo. 16 and considerable adjacent prop- 
erty. Fortunately, there were no pupils in the building at the 
time; but the thought of the possible result, had the usual 
number of pupils and teachers been present, aroused the pub- 
lic to the gravity of the situation; and the School Board 
employed engineers to investigate the ease. Two reports were 
made by separate sets of engineers, which differed in some par- 
ticulars. These differences were pointed out in the public 
press and magnified, and the consequent agitation of the sub- 
ject was taken up and greatly exaggerated by some of the 
metropolitan newspapers, giving to uninformed people the very 
erroneous impression that the whole city of Scranton was in 
danger of sinking into the bowels of the earth. 

All this tended to afifect the credit of the city and to depress 
real-estate values. The matter was considered at a joint meet- 
ing of the Board of Trade, the Councils, and the School Board, 
The Hon. J. Ben. Himmick, a former Mayor, suggested that it 
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would be desirable to ascertain the true state of mining-condi- 
tions under the whole city, and proposed that an advisory 
board of disinterested engineers of national repute be invited 
to assist the authorities in such an inquiry. Accordingly, 
Messrs. John Hays Hammond, W. A. Lathrop, D. W. Brun- 
ton, L. B. Stillwell, and E. A. F. Penrose were thus invited, 
and recommended that Messrs. William Griffith, of Scranton, 
and Eli T. Conner, of Philadelphia, be employed by the city 
and School Board to inspect the mines under the city and 
report on the actual conditions, after submitting their findings 
to the Advisory Board. This plan was adopted by the city 
and school authorities, and the examining engineers began 
work in October, 1910. During the investigation we took a 
number of photographs of the conditions observed, some of 
which are here presented. 

In order to illustrate the present extent of the mine-workings 
under Scranton, maps were made, using as a basis the City 
Atlas, containing 24 plates. These plates were traced, show- 
ing all the streets, alleys, etc., as also all of the school-houses, 
churches, public buildings, street railway-lines, streams, and 
railroads. Fig. 1 shows the plate embracing the central part 
of the city. 

The method adopted for showing the worked-over area in 
the several beds of coal, is by dotted lines and dashed lines at 
varying angles, as shown by nomenclature on the bottom 
border of the map. The cross-section on the upper border of 
the map shows the workable beds of coal. 

The pillars shown on the cross-section are only convention- 
ally represented. In our examination of the mines and maps, 
it was found that in nearly all beds, irrespective of thickness 
or depth from the surface, the old empirical rule of leaving 
about one-third of the coal as pillars had been followed, except 
under the South Side, where considerably less has been left; 
probably not over 20 per cent. The cover over the one or two 
seams mined in this section, however, is not great, which ac- 
counts for its not having caved hitherto. 

The uppermost bed shown, known as the Fourteen-Foot or 
Big Vein, was mined many years ago, and the workings are 
largely inaccessible at present. 

The next bed, known as the Clark, is worked over a larger 
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area of the city than any other, and in the section of the city 
shown on this plate the pillars are small, and in many places 
seriously “ chipped.” 

The lower four beds shown on this plate, known as Dunmore 
Nos. 1, 2, 3, and 4, developed under a large part of the city, 
are now being mined. These beds, being thin, require the 
removal of top or bottom for height. This rock, together with 
the waste material in the bed proper, is usually stowed on one or 
both sides of the road, afiording some reinforcement to the pil- 
lars ; but since it is deposited very loosely, it cannot be con- 
sidered as an effective support. 

West of the Lackawanna river the conditions are quite dif- 
ferent from those found under the East Side, as there are more 
workable beds of coal, several of them being quite thick and 
close together. 

Figs. 2 and 3 show two plates of the Atlas covering por- 
tions of the city west of the river. Attention is directed to 
the Diamond, Eock, Big, and New County beds, Fig. 2, which 
here aggregate about 45 ft. within about 160 ft. between 
the roof of the uppermost and the floor of the lowest bed of 
the series. These were the seams first attacked in the early days 
of mining, and no care was exercised to columnize the pillars ; 
Le., to locate them over each other in the several beds mined. 
As a consequence, the weight of the over-burden, occasioning 
great complexity of strains on the intervening strata, has been, 
and wUl hereafter be, a fruitful source of caving. It was this 
condition that, in our opinion, caused the cave which affected 
School No. 16. Attention is directed to No. 25 school, to 
which reference will be made' later. This is shown by the 
numerals “ 25 ” on Fig. 2. 

Fig. 4 shows “ chipping pillars ” in the Clark seam under 
the central part of the city. This- is unmistakably due to the 
fact that the pillars are too small to sustain the over-burden, 
and is the usual first sign of what will eventually be a complete 
collapse of the coal-pillars, and fall of the roof. If the pillars 
are left undisturbed, the pressure upon them may continue for 
a long period before appreciably affecting the overlying strata. 
Pillars sometimes “chip” from exposure to the air, which 
is known as “ air-slack j” but we do not think this to have 
been the cause of the chipping shown on this picture, 
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which is, on the contrary, undouhteclly clue to excessive 
weight. 

In every coahseam there is one bench softer than any other 
part of the seam. In the Clark seam, the bench near the mid- 



dle is the weak part, where the map and note-book are stuck 
behind flakes of coal, as shown in the picture. The Clark 
seam here is between 6 and 9 ft. thick. 

While engaged on this investigation a large school building, 

VOL. XLII.— 16 
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iSTo. 25, in the Providence section of the city, showed evidence 
of settling, and it was deemed necessary to close it. We were 
asked by the School Board to make a special investigation, and 
advise them as to the cause. 



It was found that PunmorebedKo. 4, about 700 fr. below the 
surface, was creeping or ‘‘ squeezing.” This seam is about 
4.5 ft. thick. The pillars left were not over 33 per cent, of the 
original bed. Ho signs were observed of what is commonly 
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Fig. 4. — Chippikg Coal-Pillab. 



Fig. 5. — Effects of Squeeze Uneee No. 25 Schooe. 
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Fig. 6. — Re-mining Bottom Coal, Diamond Bed. 



Fig, 7. — ^Re-mining Bottom Coal, Big or Fourteen-Foot Bed. 
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Fig. 8. — Gob-Pier Under Central High School. 



Fig. 9. — Dry Gob-Pier Under No, 10 School. 





MINE-CAVES UNDER TFIE CITY OF SCRANTON. 


255 



*Fig. 10. — Sandstone and Cement Pier Under No. 15 School. 



Fig. 11.— Flushing-Pipe Discharge. 
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Fig. 12. — Reopened Cueh-Flushed Gangway. 



Fig. 13. — Reopened Cudm-Fdushed Gangway; Culm not Roofed, 
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called robbing of pillars, but owing to their smallness and the 
great depth, a squeeze had started, and there being no large 
blocks of coal to stop it, there is every likelihood of its con- 
tinuing until roof and floor practically come together, as we 
observed in the same mine at another point. 

Fig. 5 shows the eliects of the squeeze that disturbed School 
No. 25. This picture was taken under the school. This open- 
ing has since been closed, and is now inaccessible. 

School No. 44 is located over an area that is now closed in 
the Dunmore No. 4 bed by a cave similar to the one that 
damaged School No. 25; but the whole of the area under No. 
44 was mined in the usual manner; so that all of the over- 
burden settled gradually and uniformly, while School No. 25 is 
half-supported on a solid pillar in all the beds beneath it. Con- 
sequently, one-half settled and the other could not, resulting 
in the damage to the building. From observation of this and 
other instances, we formed the opinion that the reservation of 
small blocks of coal in deep-lying and comparatively thin beds 
is detrimental, rather than beneficial, to surface-improvements. 

In the first mining of the Diamond and Big beds, the bottom 
benches df coal, from 3 to 6 ft, thick, with partings of slate and 
bone, were not taken. In recent years the old workings have 
been reopened to recover this coal. Figs. 6 and 7 show this, 
re-mining. The removal of this bottom-coal makes the 
openings 16 to 24 ft, high, consequently weakening the origi- 
nal pillars. 

UTote picture of Big bed (Fig. 7). The portion of seam from 
the fire boss’s feet upward was original mining, and that 
below his feet is recent re-mining. In this vicinity the ISTew 
County bed, from 5 to 8 ft. thick, is but 6 ft. below the floor of 
the Big bed, as shown by the cross-section in Fig. 3. 

Fig. 8 shows a gob-pier built under the Central High School. 
This pier is pointed with good mortar, and appeared quite strong. 
But a hole which was broken through the wall for the purpose 
of carrying a culm-pipe to points beyond, revealed that the 
inside of the wall or pier is simply loose rock laid up dry ; so 
that as a support this pier is very limited in bearing-strength. 
Fig. 9 shows a dry gob-pier built of slate, bone, and fire-clay, 
under School No. 10. Many such piers have been constructed 
under valuable surface-improvements. Their low efficiency as 
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an efiective support is apparent. We, however, hesitated 
about expressing this opinion officially, without having some 
definite data as to the compressibility of such material so laid 
up. As there was no information available on this point, we 
determined to make a series of tests at the superb Fritz Engi- 
neering Laboratory at Lehigh University, to which reference 
will be made below'. Fig. 10 shows a pier under School No. 
15, which is undermined in the Dunmore No. 2 seam, here 
only 25 ft. from the surface. Sixteen of these piers were con- 
structed of sandstone brought in from the surface, and laid up 
in good cement-mortar, making an efiective support. 

Fig. 11 show's the method of “flushing” with “culm,” ie., 
small coal, ground slate, and other refuse, washed through pipes 
into the underground openings. The chambers are closed with 
a plank battery at the lower end, and as they fill, the water seeps 
aw'ay and flows to the sump. Fig. 12 shows a gangway reopened 
through a culm-filled area. It will be noticed that the sides 
are smoothly vertical, showing that the culm packs thoroughly, 
and, w'hen roofed, makes an effective support. Considerable 
areas under the city of Scranton, and at most anthracite col- 
lieries elsewhere, are thus filled, this being now a generally- 
accepted method of disposal of refuse. 

Fig. 18 shows the same culm-filled and reopened gangway 
further along, where the culm is not roofed. In this figure, 
the fire-boss is seen on the top of the culm, which at this point 
is about 16 in. from the roof. The supporting-value of this 
culm is, of course, decreased by its not having been properly 
roofed. 

The results of all tests made are given in Tables I. to IV. 

Table II. exhibits the value of the various devices for dry fill- 
ing, and also the value of the diflferent materials available for 
flushing at coal-mines in this locality. The figures are directly 
deduced from the results of the tests made at Lehigh Univer- 
sity, and we think are sufficiently clear to be self-explanatory. 
"We might add, however, that test No. 1 represents the value 
of well-constructed gob-piers, and Nos. 6, 7, and 8 show the 
supporting-value of mine-rooms filled with rock blasted from 
the floor and roof, as heretofore mentioned ; while Nos. 12 and 
13 indicate the supporting-strength of fine material, such as 
coal, culm, and river-sand, flushed in with water. At the hot- 
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tom a comparison is made as between the supporting-value of 
the flushed culm and the flushed sands and the concrete piers 
of the same nature, as per samples tested. 

The approximate cost, per foot of bed-thickness, for each acre 
of complete flushing under schools and elsewhere, and to take 
the place of pillars, if removed, would be 

For culm, below level of river, |405.00 
For sand, above or below river, |1,615.00 

A factor of safety of 2 was used in arriving at the above 
costs. This, I think, is excessive; and I believe that the work 
could be done at smaller expense. 

These tests were made to determine the efficacy of the vari- 
ous methods of roof-support heretofore used, as well as to 
discover a comparatively inexpensive combination of materials 
which might be more eflaeient and permanent, and might 
possibly permit of the recovery of the major portion of the 
remaining pillar-coal. But it is not claimed that the calculated 
strength of artificial supports shown by the tests for the subsid- 
ences indicated should be taken as final. These results ought 
to be cheeked by actual experience wherever possible. 

I have inspected one mine, where a series of about 18 
chambers, 30 ft. wide by about 400 ft. long in a seam 5.5 ft. 
thick, had been flushed with culm properly roofed. Later, the 
remaining pillars, about 18 ft. thick, were removed one at a 
time, and the spaces were immediately flushed with culm. The 
roof in this case did not seriously crack, but simply settled 
bodily upon the culm, showing an average subsidence of about 
7 in., or approximately 10 per cent. As this seam of coal was 
about 600 ft. below the surface, this experience corresponds 
fairly with the calculated subsidences shown in the foregoing 
tables, as well as with my experience in charge of similar pillar- 
recovery. 

The conclusions drawn from our inspection of mining and 
geological conditions, and our tests of materials, were: (1) 
that flushing with culm, crushed rock, or sand is practically the 
only proper and available method for the support of over- 
burden, and the ultimate recovery of the pillar-coal; and (2) 
that under any circumstances, some subsidence of the surface 
must be expected, depending on the thickness of the seams of 
coal completely extracted, and their depth below the surface. 
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With regard to possible sources of the supply of sand, which 
is, from every point of view, by far the best flushing-material, it 
is my belief that the large body of sand known to overlie the 
coal-measures in the Wyoming valley from Pittston to Nanti- 
coke, would not be suitable, since it is mostly quicksand, and, 
if flushed into the mines, could probably not be confined and 
drained, as is necessary for successful operations of this kind. 
But I believe that large quantities of sand could be brought 
from distant points in returning empty railroad-cars at compara- 
tively slight cost. Another source of supply is the establish- 
ment of efficient crushing-plants of large capacity, on the 
hill-sides near the outcrops of the several beds of coal, to pul- 
verize the rock that is available for this purpose. 

Finally, I regard the conclusions deduced from the tests 
made, and the calculations and tabulations based thereon, as 
reasonably reliable ; yet I would record the opinion that some 
of the collieries present conditions to which they might not 
apply — for instance, in localities where several seams of coal 
are separated by thin strata of shale and slate, or even sand- 
stone, and the pillars in the two or more seams are not over one 
another, and it is proposed to reclaim all or any part of the 
pillars. In such a case, even though the following tables might 
seem to he applicable, I think the only permissible procedure 
would be, first to fill with flushed material all the openings in 
the lowest seam of the series, and then to continue the process 
upward until all are fllled, care being taken to have the flushed 
areas over one another. After all the openings in all the 
seams have been filled, the pillars in the uppermost seam may 
be attacked ; and, as each pillar is removed, the space thus left 
should be filled before the next pillar is removed. Ho pillar- 
reclamation should be permitted in any of the other beds until 
all of the pillars in the upper bed have been removed, and the 
over-burden has come to rest on the flushed material. After 
this, the pillars in the next lower seam may be attacked and 
handled in like manner. 
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Table III. — Horizontal Area in Square Yards of Artificial Mine- 
Pillars of Confined Flushed Culm or Flushed Sand Required 
Under Various Permissible Settlings to Sustain One-Third of 
the Over-Purden of One City Plock of 6 Aeres^ at Various 
Depths, 


Ultimate Uniform 
Settling Permitted 

Depth 25 Ft. 

Culm Sand 

Depth 50 Ft 

Culm. Sand. 

Depth 100 Ft 

Culm Sand. 

Per Cent. 





3 

3,424 

800 

6,848 1,600 13,696 3,200 

5 

2,122 

452 

4,244 904 

8,488 1,808 

lU 

848 

176 

1,696 352 

3,392 704 


* Depth 200 Ft. 

Depth 400 Ft. 

Depth 800 Ft. 

3 

Openings 

6,400 

Openings 12,800 

Openings Openings 


filled 


filled 

filled filled. 

5 

16,976 

3,616 

Filled 7,232 

Filled 14,464 

10 

6,784 

1,408 

13,569 2,816 

Filled 5,632 


NOTES. 

1. Up to 3 per cent, compression, piers of sand-and-gravel concrete might be 
only one-half the size of sand piers, but for weight which would produce greater 
compression they are worthless. 

2. One* city block of 5 acres covers 24,200 sq. yd. 

3. In fixing upon the amount of settlement that might be permitted, considera- 
tion should be given to the fact that where there are several beds to be filled the 
total settlement will be several times as great as for one seam of the average 
thickness. 

4. It will be noted that complete culm filling is necessary for settlement men- 
tioned at from 200 to about 500 ft. depth of vein, while for greater depths the 
settlement, due to the greater weight, would be excessive ; but sand, on account 
of its greater strength, is suitable for filling of all beds at all depths under the 
city of Scranton, and is therefore to be preferred. 

Table IV. — Approximate Cost Per Foot of Coal-Bed Thickness 
of Artificial Mine-Pillar of Confined Flushed Culm or Flushed 
Sand Required Under Various Permissible Settlings to Sus- 
tain One- Third of the Over-Burden of One City Block of 6 
Acres, at Various Depths. 


Ultimate Uniform 
Settling Permitted. 

Depth 25 Ft. 
Culm. Sand. 

Depth 50 Ft. 
Culm. Sand 

Depth 100 Ft. 

Culm. Sand. 

Per Cent. 

3 

1286 

$266 

1672 

$532 

$1,144 

$1,064 

5 

176 

150 

352 

300 

704 

600 

10 

70 

60 

140 

120 

280 

240 


Depth 200 Ft. 
Filled. 

Depth 400 Ft. 

Depth 800 Ft. 
Filled. 

3 

$2,016 

$2,128 

Filled $4,256 

Filled $8,069=18,070 

5 

1,408 

1,200 

Filled 

2,400 

Filled 

4,800 

10 

560 

480 

$1,120 

960 

Filled 

1,920 
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The Preparation of Anthracite. 

BY PATJIj STEBLINfl, WILKES-BARRE, PA. 

(Wilkes-Barre Meeting, June, 1911 ) 

I, Introduction. 

The general impression regarding tlie preparation of mer- 
chantable anthracite is that it is confined to a colossal, grimj 
structure, called a coal-breaker.** This name is a misnomer ; 
for the desired result is not to break the coal, but to prevent 
its being broken. 

Preparation may be said to begin at the face of the chamber, 
with the mining and loading of the coal. Local conditions 
vary, not only in the same field or basin, but also in the same 
mine, so that there is no fixed empirical rule governing the 
method of blasting or cutting coal. Tests should be made, 
when possible, to determine the explosive, or the mechanical 
coal-cutter, which will produce the largest percentage of what 
are locally known as «lump ” and “prepared sizes” of anthra- 
cite. The prepared sizes are those mostly consumed for do- 
mestic purposes. All other sizes might be called by-products 
of the anthracite industry ; for they are not especially desirable, 
being the degradation resulting from the mining and handling 
of a brittle or laminated material. 

Being low in volatile combustible matter, anthracite burns 
most successfully when nearly of a uniform size, permitting 
the easy passage of air through the voids. This accounts for 
the large number of sizes into which the coal is separated. 

Table I. gives the various sizes, the diameter of ring over 
and through which each size is made, and the usual purpose 
for which it is employed. 
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Table I. — Commercial Sizes of Anthracite. 



Diameter of Ring. 


Name 

Over 

Through 

Use 

Lump 

Steamboat. . . 
Broken 

Egg- 

Stove 

Kut 

Pea 1 

Buckwheat. . 
Bice 1 

Inches. 

41 

3i 

I 

\ 

Inches. 

61 

3i 

■‘■a 

Locomotive steam-coal. 

Blast-furnaces ; smiths’ forges. 

Domestic furnace-coal. 

1 Dom^tic furnace-coal 

Domestic range-coal 

Domestic range- coal 

Domestic furnace-coal 

^ Boiler, steam. 

Barley 



The coal, after being mined, is loaded either by hand (in 
flat workings) or from loading-chutes (in pitching veins). The 
former method does not seriously increase the breakage, while 
the latter does, and also contributes to the decrease in prepared 
sizes at the mines where it is employed. Hand-loading per- 
mits the removal of most of the impurities, such as rock or 
slate, and sends cars of fairly-clean coal to the breaker for 
further preparation, while chute-loading draws all the material 
mined into the car, and usually sends out a highly-impure 
product. 

Where hand-loading is practiced in fairly-clean veins, the 
tonnage of chestnut and larger sizes shipped may be as high 
as 2.3 tons per 100 cu. ft. of mine-car capacity; while in other 
mines, with chute-loading and a very dirty run-of-mine prod- 
uct, it may be as low as 1.2 tons, and the amount of all sizes 
may vary from 2.7 to 1.5 tons per 100 cu. ft., respectively. 

In the same region, under similar conditions, with a good 
run-of-mine, the product of prepared sizes may vary from 1.75 
to 2.3 tons per 100 cu. ft. of mine-car capacity. The difference 
may be attributed to the varying conditions of the coal-beds 
themselves ; to losses occasioned by jars due to running over 
uneven and poorly-constructed roads; to frequent dumping; 
to severe bumping of cars during motor-haulage ; and, in the 
breaker, to poorly-constructed dumps, high drops of coal, long 
running-chutes with abrupt turns, and poor types of rolls used 
in crushing. 

Under the well-known conditions of the anthracite-field, the 
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general methods of preparation may be summarized under 
three classes, namely, (I.) dry preparation ; (IL) dry and wet 
preparation ; and (III.) wet preparation ; of which the one to 
be adopted depends on the quality of coal to be mined. 

Class I. (Fig. 1) is employed when the seams of coal mined 
are dry, or are practically free from impurities, or where 



Fig 1.— Pbbparatioit-Diagram, Showing Typical Run of Coal During 
Dry Preparation, 


the benches of slate occurring in the seams cleave free from 
the coal, and may be removed during hand-loading, and the 
run-of mine contains generally not over 7 or 8 per cent, of rock 
or slate, which may be removed by hand-picking or by dry 
mechanical separators. 
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Class II. (Fig. 2) is employed when the run-of-mine con- 
tains a high percentage of impurities, including rock, slate, and 
bone. This percentage may be as high as 55 per cent,, but the 
run-of-mine must contain large lumps of pure coal, which can 
be handled as a separate product, as in the first class. The 
sizes smaller than lump are sized and cleaned, using water to 
wash the product, to improve its appearance, and to remove 
the impurities by jigging. 



Fig. 2. — ^Pkepaeation-Diagbam, Showing Ttpicai. Rvjs of Coai. Dtratmo 
Wet and Dbt Pbepahation. 


Class III. (Fig. 3) is adopted when the run-of-mine is high in 
impurities and shows a discoloration, as is the ease near the 
outcrop of the vein, or when the entire product comes from 
wet, dirty seams, requiring a thorough washing to remove the 
dirt and discoloration. 

Class I. presents the ideal breaker, with the advantages of 
low costs of installation, operation, and maintenance. More- 
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over, shipments of dry coal are very desirable to the trade, as 
tree from the risk of the freezing of coal in cars, and the sub- 
sequent trouble of unloading it. 

Class II. retains to some extent the advantage of dry coal- 



FiQ. 3.— PitEPAKATION-DlAGRAM, ShOWINS TyPIOAI- KuN OP COAL DURING 

Wet PiusaPARATioN. 


shipments, but is higher in first-cost, operation, and mainte- 
nance than Class I. or III. 

Class III. permits no dry shipments, and is higher in first- 
cost, operation, and maintenance than Class I. 
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In breaking anthracite from a larger to a smaller size, there 
is not, to my knowledge, a roll or crusher that will produce at 
will a fixed proportion of any one of the smaller sizes, and 
hence it is not possible to pre-arrange shipments with any de- 
gree of accuracy, so as to meet the demands of trade. This 
results, at times, in an overproduction of certain sizes, which 
must be shipped to storage-plants and stored until the market- 
conditions change, when this coal is reloaded and reshipped. 

Table 11. shows the proportions of various sizes produced in 
average practice at anthracite-breakers of the first two classes. 


Table II — Product of Commercial Sizes in Breakers. 


Class I I Class II. 


Hand-Loading and a Clean 
Run-of-Mme Coal. 

1 Chute-Loading and a Dirty Run-of- 
1 Mine, Containing Slate and Bone, 

1 . ! 

Hand-Loading 
and a Clean Ruu- 
of-Mine Coal. 

When Shipping 
Steamboat. 

i 

When Breaking ' 
Down Steamboat. , 

1 

1 Per Ct 

1 Per Cent. 

Per Cent. * 

Per Cent 

Lump and Steamboat... 

11.19 

5 56 



Broken 

12.41 

7.05 

1.3B : 

10 07 

Egg 

14.68 

13.88 

7.11 

10.96 

Stove 

13.69 

14.26 ! 

31.04 : 

21.38 

Nut 

26.64 

21.00 

30.05 

27.78 

Pea 

6.37 

10 31 1 

14.24 1 

9.82 

Buckwheat 

7.77 

18.06 1 

16.17 1 

8.35 

Kice 

4.80 

6.54 : 

0 03 1 

6.80 

Barley 

2.66 

3.34 i 


4.84 






Average price 

$2.65 

$2.43 

$2.83 1 

$2.56 


The bottom lino in the table shows what would be the aver- 
age price per ton received for all sizes shipped, with the 
percentage of shipments shown in each column, and at the 
established prices for anthracite f o. b. cars at the mines. The 
advantage of high mine-car yield in the prepared sizes, and the 
importance of eliminating breakage, which creates losses during 
the course of preparation, either in the mine or in the breaker, 
are shown by these comparative figures. 

!Presh-mined coal is elevated to the head of the breaker 
and dumped into a large hopper or dump-chute, from which 
it is fed, by either a hand-operated gate or a mechanical 
feeder, over a sizing-screen, or a set of stationary or oscillating 
bars, which removes the lump-coal, allowing the smaller sizes 
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to fall through for farther sizing and cleaning. The undersize 
is usually termed the “ mud-screen ” product. The lump-coal 
is inspected on a moving picking-band or table, or in an in- 
clined gravity-chute, and the pure rock or slate removed by 
hand. ^Pieces of rock to which coal is adhering are placed on 
a special table, where the pure coal is chipped loose and re- 
turned to the table ; the rock going to a rock-chute. Pieces of 
doubtful or “ b(.>ne ’’-coal are also removed and sent to be pre- 
pared with the mud-screen coal. All coal that has passed over 
the picking-head or platform is free from impurities and is 
termed the “ pure coal ” product, which is delivered after in- 
spection either into a lump-coal storage-pocket for shipment, or 
into a set of crusher-rolls to be broken into smaller sizes. The 
bTo. 1 or crusher-rolls break the lump into steamboat or broken 
and smaller sizes. If there is no sale for steamboat, broken, or 
egg, these classes, after sizing over screens, are passed through 
a set of rolls, which break them to stove and smaller sizes. 
The entire pure-coal product is now screened into its various 
sizes and stored in pockets, ready for shipment. 

The mud-screen product is carried over a second set of 
screens, which size out steamboat and broken coal. These two 
sizes are cleaned of impurities either by hand-picking on a sta- 
tionary or movable table, or by mechanical means, and are then 
either shipped, or re-broken into smaller sizes. In the latter 
event, the cleaned steamboat or broken coal is mixed with the 
pure-coal product and prepared with it. The mud-screen prod- 
uct falling through the “ broken ’’-screen is separated into the 
various sizes, each of which is treated for the removal of im- 
purities before going to the storage- and loading-pockets. 

The method of cleaning varies from the hand-picking of the 
larger sizes, to a mechanical separator, operating on the differ- 
ence in the coefficient of friction between the coal and its 
impurities when sliding over a smooth surface, or the jig, the 
theory of which is based on the different specific gravities of 
the minerals. 

After sizing and cleaning, the coal runs to the storage- 
pockets. In loading it afterwards into cars for shipment, the 
fine dust and screenings (generally made in gravitating the 
coal in chutes from the screens into the pockets, or by mechani- 
cal handling) are removed by passing the coal over a punched 
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steel plate or a woven-wire segment, called a lip-screen. The 
lip-screen product is elevated to sizing-screens, re-sized and 
returned to the pockets. After loading, the coal is again 
inspected to make sure that it will pass a standard-test for size 
and purity. If it fails in this inspection, it is condemned, un- 
loaded and re-prepared. It is, therefore, necessary in design- 
ing the breaker, to provide machinery for treating the con- 
demned coal. 

All the breaker-refuse of slate, bone, or rock, removed during 
preparation, is carried to a central point for final disposition. 
Two general methods are employed for this purpose : (1) The 
waste is deposited on the surface in banks, by means of a chain- 
or belt-conveyor, or by means of dump-cars, with mule or 
mechanical haulage ; or (2) it is returned into the mines to fill 
the openings left by the extraction of the coal. The latter 
method, called silting,” is accomplished by crushing the 
refuse to a size which will pass through a 1.75-in. ring, and 
hydraulicking it into the mines through wooden or metallic 
pipes. 

The disposition of refuse on the surface by means of a con- 
veying-system is to be recommended when dumping-ground is 
available adjacent to the breaker. Banks can be carried to a 
height of 100 ft. or more, and extended in length by means of 
additional horizontal conveyor-lines. The use of the dump-car 
is advocated when the breaker is not tributary to the refuse- 
bank; but this method is more expensive in operation, and 
generally in first-cost, than the former. 

The second method, “ silting,” is employed when dumping- 
room on the surface is limited or unavailable, and has the ad- 
vantage that it adds to the stability of the remaining pillars and 
helps to support the roof of the mine. It is simple and cheap in 
operation, providing there is ample water-supply at very low 
cost ; but a complete installation is more expensive than that 
of a conveying-system, if the cost of the pump and appurte- 
nances, necessary to rehandle the silt-water from the mines to 
the surface, is included. 

Table III. gives a standard of preparation which is about 
the average adopted in the anthracite coal-field. The table 
allows a percentage of “ bone,” in addition to slate, in the coal ; 


von. xiiii. — 17 
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“ bone ” being defined as a product containing between 40 and 
55 per cent of carbon. 


Table III . — Standard of Preparation, Showing the Percentage of 
Slate, Bone, etc., Permitted in Mach Size of Goal. 


-May Contain 

Broken. 

Egg 

stove 

Nut. 

Pea 

Buckwheat 

Kice. 

Barley. 

Of slate ' 

1 

2 

2.5 

4 

8 

10 

15 

15 

Of bone 

Of next size 

2 

2 

4 

5 

6 

8 

8 

S 

larger I 

Of next size! 


5 

5 

10 

5 

1 

15 

1 

25 


smaller | j 

20 

50 

i 

50 

15 

15 B 
15 E. 



II. Machinery. 

All breaker-macliinery should be simple in construction, so 
that it can be operated and maintained by the ordinary work- 
man, without the requirement of a force of expert machinists 
to make repairs. It should be reliable in accomplishing re- 
sults, without the constant attention of an attendant. And it 
should have interchangeable parts, so that a large supply of 
pieces for repair need not be maintained at great expense. 
Moreover, it should be as nearly “ fool-proof” as possible. 
Such machinery is subject to severe and heavy shocks, to ex- 
cessive wear, to vibration, and generally, in wet preparation, to 
the action of the water pumped from the mines, which often con- 
tains as much as 160 grains of free sulphuric acid to the gallon. 
In wooden breakers, shafting and drives get out of alignment 
through the uneven settlement of the timbers, bringing tre- 
mendous strains on the machinery, and increasing the power 
required to drive it. ' This di£B.culty may be overcome by more 
rigid construction, either of steel or of reinforced concrete, or 
a combination of both. Kg. 4 is the side-elevation of a timber 
breaker; and Fig. 5 is a section of the loading-pockets of the 
same breaker. 
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Fl(^. 4. — SlDE-El,iEVATI03Sr OF Tl^^tBER-CoNSTRUCTED BbEAKEE. 
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1. Sizing-Machinery, 

This consists of screens, classified as shown in Table IV. 
Table IV . — Glassification of Screens, 


Fixed. 

Adjustable-bar screens. 
Finger-bar screens. 

Punched steel-plate screens 
Woven-wire segment screens. 


Movable. 

Cylinder- or revolving-screens. 
Shaking-screens. 

G yrating-screens. 

Oscillating- or movable-bar screens. 



Fig. 6.— Section Through Loading-Pockets of Breaker Shown in 

Fig. 4. 


a. Fixed Screens , — The fixed screens are usually built into 
the chute, and on a suitable pitch, down which the coal will 
slide, allowing the smaller sizes to pass between the bars, 
while the larger pass over. They are generally used, not when 
uniform sizing is required, but for a preliminary separation of 
the larger sizes from the smaller, before cleaning, and to re- 
move the dust and fine chippings made during preparation. 
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The adjustable-, finger-, and oscillating-bar screens bave open- 
ings of wbicb tbe ratio of length to breadth varies from about 
10 : 1 to 20 :1, allowing tbe passage of fiat pieces of coal, together 
with the more cubical pieces. In other types of screens, the 
opening is either round or square, and the sizing resulting 
from their use is more exact. The latter types are recom- 
mended for the final sizing of coal. 

The adjustable-bar screens, Figs. 6 and 7, are often used just 
below the dump-hopper. The bars are spaced from 6 to 7 in. in 
the clear, allowing lump-coal to pass over and tbe smaller sizes 
to fall through. In Fig. 6 the bar EI-28 dove-tails into a y- 
groove in the upper and lower bar-rests, K-26, K-26, and 
K-27. These V-gfooves are continuous at about 1-in. pitch 
per foot, so that the opening may be increased or decreased 
in increments of 1 in., in order to adjust the quantity and size 
of coal going to the picking-table. 

The bar has a pitch of 4 in. per foot, allowing the coal to slide 
over, and the lower end is open, to pass any pieces which, 
hanging between the bars, would otherwise jam at the lower 
end and require frequent cleaning. The top fiange of the bar 
is also tapered in its length ; and the bar-rests hold the center- 
lines of the bars parallel, while the tapered side of the fiange 
gives a V-shaped opening between the bars, wider at the lower 
end than at the top, which also allows the coal to free itself, 
and prevents blocking. 

The finger-bar screen is not essentially a sizing-screen, being 
designed more especially to remove from the prepared coal 
pieces of flat slate or bone, when their percentage is so high as to 
condemn the product on inspection. It is often constructed 
of round bar-steel, placed in the same horizontal plane, and on 
centers which vary mth the size of coal from which the flat 
material is to be screened. The lower ends of alternate bars 
are bent down below the plane of the intermediate ones, while 
the upper ends still remain in the same plane. This deformation 
gives a V-staped slot, as in the adjustable bar screen, and pre- 
vents blocking. Another type is built up from angle-iron, with 
the legs looking down at an angle of 46°. The top edge of 
the angle is maintained in the same plane and the V-slot is 
made by planing a taper edge on the outer legs of the angle. 
A similar screen is made of cast-iron at much less cost. 




Pig. 7.--Steel Adjustable-Bar Screen. 
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The punched steel plate and the woven- wire segment are cheap 
and convenient devices employed to remove dust and small chip- 
pings. They are placed in a chute, and the coal passes over 
them, dropping out the finer material. The punched plate for 
^^lip-screens” has been already mentioned. In such screens, 
the ratio of width to length of opening is 1 to 2. 

The advantages of fixed screens are: (1) they are inexpen- 
sive in first-cost ; (2) they require no power for operation ; (3) 
they need practically no attention, except when blocked ; and 
(4) their capacity is large. 

Their disadvantages are : (1) they eiffect a poor sizing of the 
coal ; (2) being set with a pitch, they require additional height 
of breaker (except the finger-bar, which may be adjusted to 
a shaking-screen without increasing height) ; (3) the adjustable 
bar involves a drop at the lower end, which increases the break- 
age and consequent loss of prepared sizes. 

b. Movable Scree7is , — The revolving- or cylinder-screens are 
usually from 6 to 8 ft. in diameter, and consist essentially of a 
central shaft, supported at the ends by boxes, in which it ro- 
tates, and carrying spiders, to the outer end of the arms 
of which is bolted a ring, to which the screen-jacket ot 
woven wire-mesh is attached. The coal enters through a head- 
wheel, with teeth cast on the circumference. A pinion engaging, 
with this gear rotates the screen. The maximum periphery- 
speed should not exceed 250 ft. per minute. The screen- 
shaft is usually placed on a pitch of 0.76 in. per foot, and the 
revolution of the screen moves the coal forward from the head- 
wheel to the discharge-end. 

In the breajcer, this type is giving way to shaking-screens; 
but it is better adapted than the latter to storage-plants, where 
it is not always possible to wash the coal in reloading. The re- 
volving-screen causes the coal to roll over itself, the action 
being similar to that of a cleaning-mill, as used in a foundry 
to remove sand from castings. 

Its advantages are : (1) it efifects an exact screening and siz- 
ing of the coal ; (2) revolving at a slow speed, it does not tend 
to vibrate the breaker-structure, as is the case with the shaking- 
screens. 

On the other hand, it presents the following disadvantages : 
(1) high first-cost and maintenance, as compared with shaking- 
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screens under similar conditions; (2) small capacity; (3) re- 
quirement of more space tlian shaking-screens of the same 
capacity; and (4) the fact that only about one-eighth of the 
screening-surface is in contact with the coal at one time. 

The shaking-screen, or “ shaker,” consists of a rectangular 
box-like framework (Fig. 8), with sides of steel plate or timber, 
connected by cross-angles, to which sides the sizing-jackets of 
punched steel plate are bolted. The entire machine is hung 
from its supports, or bridge-trees, by means of flexible chains, 
rigid hangers with pin-connected ends, or oak or hickory 
boards with fixed ends. 

Rectilinear motion is obtained from a pair of eccentrics, 
located on a driving-shaft and connected to the shaker by wood 
or steel eccentric-rods or arms. The shaker-end of the eccen- 
tric-rod is connected to a wrist-pin, usually located at or near 
the center of gravity of the shaker, or often bolted rigidly to 
the shaker-side. When wooden arms are used the arm is 
reduced in section at its center to make it flexible, so that it 
can accommodate itself to the change from rotary to rectangu- 
lar motion of the eccentric and shaker, respectively. 

The center of gravity moves in the are of a circle, the chord- 
length of which equals the eccentric-travel, while its radius 
equals the vertical distance from the suspension-point to the 
center of gravity. The shaker is so located relative to its 
hangers that, at mid-travel of the eccentric, the shaker-hangers 
are vertical, and the shaker is at the lowest position in its arc 
of travel — reaching its highest position twice in a revolution of 
the driving-shaft, ie., at each end of the eccentric-travel. The 
shaker is’iuclined about 1 in. per foot in the direction of the flow 
of the coal, which travels downward by reason of the fact that 
the resultant of all forces acting on each piece of coal when the 
shaker is moving in a forward direction, is greater than the 
resultant from similar forces when the shaker is moving on its 
backward stroke. The upward motion of the shaker in its 
extreme position tends to throw each particle of coal up, and 
prevents it from' blocking or hanging in the mesh. The best 
results are obtained when the ratio of length of hanger to 
eccentric-travel is from 4 : 1 to 15 : 1. When this ratio exceeds 
16 : 1, the vertical force in extreme positions is of little benefit 
in keeping the mesh open. 
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The usual stroke of the eccentric is 6 in., and the speed of 
the driving-shaft is from 140 to 150 rev. per min. Recent ex- 
periments show that a stroke of 6 in. is better for the larger 
sizes of coal, and may be reduced for the smaller. 

Shakers are usually built with one set of mesh- or sizing- 
plates. When it is desirable to make two or more sizes of coal 
on one shaker, it may have two or more sets of plates, one 
above the other, each set of plates allowing its respective size 
of coal to pass o%'er, while the smaller sizes fall through. 

On account of the excessive vibration set up by the shakers, 
it is best to hang them, not singly, but in pairs, with the driv- 
ing-eccentrics 180° apart on the driving-shaft. When spring- 
board hangers with fixed ends are used, the elasticity of the 
hanger, which must be at least 15 times the travel in length, 
aids it to vibrate and tends to return it to a neutral position. 
This property of the wooden hanger with fi.xed ends produces 
a smoothly operating machine, and assists in eliminating vibra- 
tion when running. 

Woven-wire screens for shaker-jackets are not practicable, 
since the movement of the coal over the mesh soon wears the 
wires. Moreover, if mine-water is used to wash the coal, it 
oxidizes them; and finally, the vibration results in a change 
in the pitch of the wires, and an increase or decrease in the 
area of the mesh, and, consequently, imperfect sizing. 

Punched plate has not this disadvantage. The square- 
punched hole allows closer spacing, and consequently greater 
area through which the coal may pass, but is more liable to 
block than the round mesh. 

The advantages of shakers are: (1) exact sizing; (2) low 
first-cost ; (3) accessibility for repairs and inspection ; (4) sim- 
plicity of construction (the wooden style, with wooden eccen- 
tric-arms and hangers, may be built at the colliery with the 
ordinary force of mechanics) ; (6) reliability in operation ; (6) 
saving in pitch, and thus in required height of breaker, as com- 
pared with ac^ustable-bar screens; (7) large capacity; (8) 
usefulness, at the head of the breaker, when the run-of-mine 
contains pieces of coal not exceeding 150 lb. in weight, to 
size coal going to the picking-room, since a uniform size of 
product is more easily cleaned and inspected than a poorly- 
sized mixture. 
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Their disadvantages are : (1) the vibration which, unless well 
balanced, they communicate to the breaker-structure ; (2) their 
undesirability for storage-plants, already mentioned under “Re- 
volving-Screens,” unless water be used for washing. 

Table V., giving the average number of square feet of shaker 
required per ton of coal treated in 10 hr., has been com- 
piled from actual working-conditions. The area for steamboat- 
and broken-coal is made large, to receive the rush of coal from 
the dump. When a large dump-hopper is used to hold the 
coal, and a feeder to control the supply, this area can be greatly 
reduced. The area for egg-coal is made large, to receive the 
large amount produced in breaking down steamboat- and 
broken-coal in the rolls, and can likewise be reduced by in- 
stalling pocket and feeders. 

For a dump-shaker of 6.26-in. mesh, when perfect sizing is 
not required, the area needed per ton in 10 hr. is 0.06 square 
foot. 

Table Y. — Area of Shaking Screen. 


Size 

Mesh. 

Sq. Ft. Pei Ton in 10 Hours 


Inches 

Dry 

Wet 

Steamboat 

4i 


1.5 

Broken 

Si 

0.60 

1.2 

Egg 

2^ 

1.20 

1.1 

Stove 

4 

1 0.25 

0.35 

Nut 


0.20 

0.27 

Pea 

1 

0.61 

0.69 

Buckwheat 

A 

0.50 

0.53 

Rice 

r 

0.67 

0.65 

Barley 

A 


0.67 


The gyrating- and oscillating-screens were thoroughly de- 
scribed in a paper by Eckley B. Coxe, at the New York meet- 
ing of the Institute, in September, 1890 {Trans., xix., 898). 
They present the advantages of (1) correct sizing, and (2) large 
capacity ; with the disadvantages of (1) high first-cost, as com- 
pared with shakers ; (2) expense of repair and maintenance ; 
(3) inaccessibility for inspection and repairs ; (4) poor sizing of 
the smaller sizes, especially in wet breakers, where water is 
necessary to aid preparation, since the water can only be used 
on the top deck or mesh ; and (5) impracticability of proper 
balancing, and consequently considerable vibration communi- 
cated to the breaker-structure. 

The oscillating or movable bars are desirable for sizing the 
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lump-coal when the run-of-mine contains lumps weighing 150 
lb. or more, since the design is suitable for severe work and 
heavy shocks. The driving-shaft usually runs 50 turns, giving 
100 forward strokes per minute to the coal. This design of 
screen has the advantage of acting as a feeder under normal 
conditions ; but when crowded from behind the coal is pushed 
over, carrying some of the smaller sizes with the lump, and it® 
value as a feeder is lost. The space between the bars is fixed 
and cannot he changed without removal of the bars. The bars 
wear from the rubbing and sliding of the coal, and become thin 
in cross-section, allowing the bars to spring apart. This in- 
creases the distance between the bars, and allows some lump- 
coal to go with the mud-screen product. 

Their advantages are: (1) the heavy construction, to handle 
large pieces of lump-coal ; (2) the action as a feeder to the 
picking-table, under normal conditions; (3) the saving in pitch, 
and consequently in required height of breaker, as compared 
with adjustable bars; (4) the slow speed, not vibrating the 
breaker-structure. 

Their disadvantages are: (1) poor sizing; (2) the fixed 
space between bars, which will not permit of adjustment; (3) 
the feeding-action is not reliable. 

Table VI. gives the average number of square feet of oscil- 
lating-bars required per ton in 10 hr. These data have been 
compiled from the work of a breaker receiving fairly clean, 
hand-loaded, run-of-mine. 

Table VI . — Area of Oscillatwg~Bar$ and Lip-Screens. 

Oscdlating-Bars. 


Size 

Width of Opening. Sq. Ft. Per Ton an 10 Hours. 

Lump. 

6 in. 

0.05 


Lip-Bet'emsy Ihing Pimched Plate. 


Size. 

Mesh. Sq. Ft. Per Ton in 10 Honrs. 


I Inches. 1 


Broken 

! 2.0 by 4.0 


Egg 

1 1.5 by 3.0 

0.05 

Stove 

! 1.25 by 2.5 


Nut 

0.75 bvl.5 

0.75 

Pea 

0.50 by 1.0 

1 

Buckwheat 

0.25 by 0.5 


Kice 

0.126 by 0.375 

2 

Barley 
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c. Molls , — Goal is broken to smaller sizes either by hand, with 
sledges, picks and bars, or by rolls, or crushers. 

The first method is employed only on the picking-head, 
either as an aid to cleaning, by breaking or chipping the slate 
loose from the coal, or in order to reduce large pieces of coal 
to a convenient size, which will enter the rolls. Elsewhere, 
rolls only are employed. 

In general, the design is as follows : Twin drums (Fig. 9), 
varying in dimensions, into which are inserted hardened, 
pointed steel teeth. These drums are keyed to separate shafts, 
which revolve in boxes, supported on a cast-iron base-plate. 
The two drums are placed opposite and are protected by a 
cast-iron or steel-plate casing, with an opening in the top, 
through which the coal is fed. Oast-iron gears, one on each 
shaft, located outside the bed-plate, run together and cause the 
drums to revolve in opposite directions. The power is usually 
applied through a pulley, mounted on one of the shafts, which 
extends beyond the base-plate, and is supported at its outer end 
by an outboard-bearing. The tops of the rolls revolve towards 
each other, and the coal, being dropped into the top, is drawn 
through by the teeth and broken into smaller sizes. The 
pedestals supporting the driving-roll are fixed in position, being 
bolted to the base-plate. The driven roll is supported on an 
adjustable pedestal, which may be moved in or out in relation 
to the fixed roll, in order to increase or decrease the opening 
between the two rolls, and vary the proportion of sizes made 
in crushing. The limit of adjustment depends on the length 
of the teeth of the gears ; and when a greater opening is de- 
sired than is possible with the gears in use, they are replaced 
by gears of a greater pitch-diameter. The adjustable pedestals 
are also equipped with a breaking-shell or cushion-spring. 
The former collapses when any foreign material, such as hard 
rock or steel, passes through the roll, while the latter is com- 
pressed, thus preventing the rolls or pedestals from being 
broken. 

Some stress has been laid upon the design of roll-teeth, but 
it is my opinion that the style does not have much bearing on 
the results obtained, but that the greatest loss in prepared 
sizes in breaking is due to the points of the teeth overlapping, 
so that the coal, being caught on the point of one tooth, is 
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Fxg. 9.-— PiiAN AixD Siixe-Elevation op a 30-in. Diameter by 36-in. Face Role, Used for Breaking Broken and 
Egg into Stove and Smaller Sizes. Present Type op Rolls, with Overlapping Teeth. 
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crushed on the body of the opposite roll, while the adjacent 
teeth grind the broken pieces into small sizes or dust. If a 
large piece of coal, placed upon an anvil, receives a quick, 
hard blow with a pointed tool, such as a pick, breaking the 
lump and allowing the pieces to fly away, the percentage of pea 
and smaller sizes is very low, compared with the result of a simi- 
lar test in which the coal is held on all sides, as would be the 
case in a roll with overlapping teeth. It is a fair inference 
that the style of tooth does not chiefly determine the amount 
of comminution, but that the location and length of the tooth 
have a serious bearing, and sharpness a preponderating influ- 
ence. Moreover, tests on roll-speed have demonstrated that 
performance was dependent, first, on spacing and length of 
the teeth, and second, on peripheral speed. 

Table VII. gives the usual sizes of bodies, pitch or spacing 
of teeth, size of teeth, and purpose of use, of various sizes of 
rolls in use in the anthracite coal-fields : 


Table VII . — Dimensions and Arrangement of Rolls and Teeth. 



Size of Shell. 

Number of 
Teeth per Row. 


q5 

‘s'g 


i 


Roll. 

Diameter 

Length. 

Interval, 
Center to 
Center. 


Size of Tooth. 

For Crushing. 

No. 1... 

In. 

61 

In. 

41 

8 

Inches. 

4.5 

36 

3.5 

Inches 
by 1.75 sq 

Lump to steam- 
boat. 

No. 1... 

33,5 

46 

8 

5.5 

19 

3.5 

by 1.75 sq. 

Lump to steam- 
boat. 

No. 2... 

30 

36 

10 

3.75 

26 

2.75 by 1.5 

Steamboat to 
broken, or broken 

No. 3... 

30 

36 

14 

2.42 

39 

2 

by 1.25 

to egg. 

Broken to egg, or 
egg to stove. 

No. 6... 

24 

32 76 

21 

135 

72 

1 

byl j 


Egg-bone to stove. 
Stove-bone to nut 

No. 6... 

24 

32.75 

21 1 

1.35 

70 

1 

by 1.125 J 


or pea. 

Nut-bone to pea. 


Performance-tests of various rolls have usually shown, for 
a peripheral speed of about 900 ft. per minute, a loss in pre- 
pared sizes of from 15 to 30 per cent., when breaking lump-, 
steamboat-, and broken-coal to smaller sizes ; and reduction of 
the periphery-speed has resulted in saving from about 4 to 15 
per cent, in prepared sizes, as compared with high-speed tests. 
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But the ordinary direct-driven, high-speed roll could not be 
satisfactorily run at reduced speed, because the change in- 
volved a loss of crushing-power, causing the rolls to become 
choked with coal. 

Table YIIL gives the results of tests, showing the size of roll, 
peripheral speed, size of coal fed to the roll, and percentage of 
the various sizes made. 

Table Vlll.— Product of Rolls at Various Speeds. 


Sizes Produced. 


! 



O . 1 

.c 1 

g Size. j=«peed 

g 1 , 

i 

1 Size 
! Fed. 

1 

1 

1 ' ^ 

2 ’ w 
w ' 

a 

1 

■iS 

<& 

Ph 

0) 

A 

% 

0 

pq 

! 

t 

(U 

u 

(5 

1 

S 

Q 

1 

1 'a s- 

1 a <3> 

\ oSg 

a> a 

Pwaj 

Per 

Cent, 

19.1 

20.0 

11.7 

13.3 

12.0 

~ ' Ft. Fei 

1 Inches. Min. 

2 30 by 36 042 

3 30 by 36 1,037 

2 30 by 36 173 

3 30 by 36 173 

3 30 by 36 230 

1 

Lump .' 
Broken 
Lump. .. 
Broken 
Broken 

1 Per Per 
Cent. Cent 
i 48.6 14 0 ! 

.... 42.3 ! 
66.1 10.1 ; 
.... 57 3 
. . . 54.3 

; Per 
Cent. 
8 9 
241 
5.9 
19.0 
23.9 

Per 

Cent. 

9.4 

13.6 

6.2 

10.4 

9.8 

Per 

Cent. 

4.6 
4.8 

2.6 
3.2 
2.6 

Per 
Cent, 
5 2 

5.5 
3.2 

3.5 
3.7 

Per 

Cent. 

2.6 

2.3 

1.4 
1.7 
1.6 

Per 

Cent, 

8.0 

3.0 

1 9 
2.2 1 
1.9 

Per 

Cent 

3 8 
4.4 
2.6 
2.7 
2.3 


This table show^s a saving in prepared sizes by running rolls 
at a slower periphery-speed than that which was generally 
adopted by pioneers in the preparation of anthracite coal. 

It was also formerly recommended that sized coal only be 
fed to rolls to be broken down. This made it necessary to 
install a set of rolls for each size of coal to be broken, i. e., one 
set to break lump to steamboat ; one set to break steamboat to 
broken, etc. While this rule has not been completely fol- 
lowed in practice, the usual installation has included a set of 
No. 1 crusher-rolls, to break lump into steamboat and broken; 
one set of No. 2 or merchant-rolls, to reduce steamboat and 
broken to egg ; one set of No. 8 or re-breaker rolls, to crack 
broken into egg and stove ; or the three sets have been so ad- 
justed that all the coal could be broken into stove and smaller 
sizes when there was no demand for the larger ones. The instal- 
lation of these three sets of rolls materially increases the height 
of the breaker, and requires additional screens to separate the 
larger sizes from the mixture resulting at each operation. The 
smaller sizes, falling through the screens, pass on to the main 
sizing-screens. 

The economical breaking of coal has been the subject of 



THE PBEPARATION OF ANTHRACITE. 


287 


much serious consideration ; and the tests tabulated above 
have led to the design of a compound-geared slow-speed roll, 
not extensively used at present, with which I have had consid- 
erable experience. The object sought was an increase in pre- 
pared sizes, when breaking down from lump to egg or stove 
and smaller, with only two sets of rolls. On the basis of the 
knowledge that slow periphery -speed would give the best re- 
sults, and with the use of teeth the points of which did not over- 
lap, normally, the results shown in Table IX. were obtained. 


Table IX . — Results of Orushing at Low Speed. 

Size of Roll, 36 in. by 2 ft. 10 in. Periphery-speed, 250 ft per minute 


Test No. 

Size Fed. 

Steamboat. 

Broken. 

fab 

Stove. 

Nut. 

Pea. 

Buckwheat. 

1 

Bailey. 

Dirt 

Pea and 
Smaller. 



Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 1 

Per 

Per 

Per 



Cent. 

Cent 

Cent 

Cent. 

Gent. 

Cent. 

Cent 

Cent 

Cent. 

Cent 

Cent. 

1 

Lump 

9 

49 

12 8 

9.4 

7 

0 3 

4.4 

1.4 

1.4 

2 3 

12 8 

2 

Lump 

6.8 

41 

15.3 

11.2 

8.7 

4 8 

5.3 

2.4 

2,4 

2.8 

17 

3 

Lump 

64 

14.1 

3.8 

5.7 

4 3 

2 

2.6 

1 

1 

1 5 

S.l 

4 

steamboat 

16.7 

59 

9 8 

4 7 

3 5 

1 6 

2 

0 8 

0.8 

1 1 

6 3 


The object of the first test was to determine the loss by 
double breakage. Lump-coal was fed to the roll, which was 
opened up to make about 60 per cent, of steamboat; the steam- 
boat was screened out of the resulting mixture, the rolls were 
closed up, and the steamboat was broken to the next smaller 
size. In this test, the percentages given are the totals from 
both operations. In the second test, lump-coal was fed to the 
rolls set to break directly into broken, with a small percentage 
of steamboat. The results indicate the advantage of double 
breakage or of feeding coal of uniform size to the rolls. The 
third and fourth tests show separate results; the rolls being 
spaced for Xo. 8 as in the first half of Xo. 1, and for Xo. 4 as 
in the second half of Xo. 1. ' These results are similar to those 
shown in Table VIII., and confirm the conclusion that low 
speed is an important factor in economic roll-operation. The 
design of the teeth is of some importance ; but additional ex- 
periments must be made before the determination of a form 
which will further increase the percentage of prepared sizes. 

The compound-geared slow-speed roll (Fig. 10), used in the 
above test, is, as far as I have been able to learn, the first of 
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this type in the anthracite-region. The teeth are cast in chills, 
as integral parts of a cast-iron segment, which is bolted to the 
roll-body. Their size and spacing vary according to the pur- 
pose required. The roll-body has eleven sides, each cast with 
a recess to receive a pad on the back of the segment. The 
body and segment are machined for a neat fit, and the latter 
is held in place by two bolts, one at each end. The pad takes 
all the shear and saves the bolts, which, in former rolls of this 
type, where the segment was not a dovetail-fit, sheared off, caus- 
ing much damage and delay. The chilled cast-iron teeth wear 
as well as forged and tempered steel teeth, the first-cost of 
which is greater. 

The fact that, by changing the segments, this roll may be 
used to break any size of coal, is a decided advantage, reduc- 
ing the number of repair-parts to be kept on hand. The slow 
speed increases the duration ; and the large fly-wheel pulley 
provides energy to handle any large lumps that tend to block 
the rolls. Spring-cushion pedestals are provided to take up 
shocks, and prevent breaking the rolls or bending the shaft, 
when any foreign material, such as hard rock or iron, passes 
the rolls. 

Table X. gives the principal dimensions of the teeth use(^ in 
the elow-speed roll-test, and adopted by me in practice. 


Table X. — Dimensions and Arrangement of leeih. 
Size of Rolls, 35f in. by 2 ft. 10 in. 


Type 

Number of 
Segments to 
One Eoll. 

Number of 
Rows of Teeth 
per Segment. 

Number 
of Teeth 
Per Row. 

Interval. 

Size. 

1 


3 

6 

Inches. 

5.25 

4, 3 and 1.5 in high. 

2 

11 i 

3 

8 

3.50 

! 2.5 by 2 in. sq. 

3 

11 

5 

13 


1 if l>y If sq. 


The corrugated rolls, previously described in our Transac- 
tions, have not proved as successful as was expected in increas- 
ing the percentage of prepared sizes, and have largely been re- 
placed by the steel teeth, or the segment-roll with pointed 
teeth. The slow-speed roll is just being tried, and its supe- 
riority over other types remains to be definitely decided ; but 
results so far are favorable to it. 
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2. ClMining. 

The methods of cleaning coal may he divided into : {a) hand- 
picking, upon stationary chutes or tables; or upon moving 
tables ; and (6) treatment by automatic pickers, depending on 
the diflerenee in specific gravity; or the difference in coefficient 
of friction between coal and slate; or the fracture, or shape 
into which the minerals break. 

a. The* stationary table or chute is arranged 

so that the coal gravitates down an inclined plane, with men or 
boys located at convenient places to pick out the impurities. 
Fig. 11 shows the plan and sections of a stationary picking- 
chute at the head of the breaker, which has the advantage of 
low first-cost and maintenance, and, as is sometimes claimed, 
increased picking-capacity over other types. All the coal must 
pass by all the pickers, and should receive a thorough inspec- 
tion. The disadvantages are : (1) when a large quantity of coal 
is being fed, the men often allow' the coal to rush over the table 
without a thorough inspection, or hold back the coal, restrict- 
ing the capacity. It is also claimed that much of the slate is hid- 
den under the depth of coal. This, if true, only happens when 
the capacity of the chute or table is exceeded, so that the coal is 
not allowed to spread in one layer. (2) The stationary chutes 
require a greater height of the breaker than the moving table. 

The moving table, like the stationary chute, is arranged for 
the removal of impurities by pickers stationed along the sides. 
But, since the table always moves, there can be no delay or hold- 
ing back, restricting the capacity. It may be arranged to run 
faster in case of a rush of coal. The best method is to retain 
the coal in a storage-hopper, back of the table, and feed a uni- 
form supply equal to the table-capacity, which must be de- 
signed for the maximum capacity of the breaker. 

The advantages are : (1) thorough inspection, since all the 
coal must pass by all the pickers ; (2) the action of the moving 
table as a feeder to the machinery following ; (3) the decrease 
in required height of breaker, as compared with gravity pick- 
ing-chutes. The table is usually horizontal, but may be in- 
stalled on an incline, saving height in the breaker. 

The disadvantages are the higher first-cost, and the greater 
expense of maintenance, compared with that of the stationary 
table. 
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Fig. 11.— Plan and Sections op Picking-Chijte at Head op Bkeaker, for 
PI AND- Picking Lump-Coal. 
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b. Automatic Pieker $. — The most common method of cleaning 
coal, depending on the relative specific gravity of the minera,ls 
in the run-of-mine, is by jigging. The type of jig shown in 
Fig. 12 may be erected in batteries of any number, the tank 
being built long enough for the number of jigs required, and 
divided by partitions at the distances which will give the proper 
inside dimensions. A cast-iron plate divides each jig-tank into 
two parts, forming a compartment in the rear, in which the 
plunger operates. This compartment is preferably lined with 
phosphor-bronze rubbing-plates, reducing the friction and wear 
on the adjusting-strips on the edge of the plunger, and main- 
taining a close fit, preventing slip and the passage of water 
around the plunger, which would reduce the water-displace- 
ment at each stroke and decrease the efiicieucy of the jig. The 
front compartment is divided by the regulating-gate. The coal, 
fed behind the gate, must pass down and under it, and over the 
perforated grates. The water, forced down by the plunger, 
rises through the perforated jig-grates, which extend from the 
bottom of the division-plate to the front of the jig, and raises 
the mixture of coal and slate off the grates, allowing the heavier 
minerals (slate and heavy “ bone ”) to settle to the bottom, 
while the coal rises to the top. The grates pitch 1 in 12 from 
the division-plate to the front, causing the material to move 
forward and downward at each stroke of the plunger. The 
coal is drawn or skimmed off by a steel conveyor-flight, which 
conveys the coal up a cast-iron inclined trough, allowing the 
water to drain back, and discharges the coal at the top into 
inspection-chutes leading to the loading-pockets. The slate 
and refuse are drawn off in a similar manner by a conveyor 
located under the coal-line. At the discharge-end is an inspec- 
tion-chute, from which the slate is conveyed to a refuse-pocket 
for further disposition. 

The plunger is driven by two eccentrics on a shaft directly 
over the jig-tank. In the earlier forms of jigs, the eccentrics 
were driven by sliding-links or elliptical gears, arranged to 
give a quick down-stroke with a slow return. Tests did not 
show any superiority over the present type of construction, and 
the former design is now obsolete. The present arrangement 
has an eccentric within an eccentric, held in place by bolts. 
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and so arranged that the stroke may be adjusted by revolving 
the outside eccentric on the inner one. This allows a change 
in travel of from 2 to 6 in. — the shorter throw being used for 
the smaller sizes (pea and buckwheat), and gradually increas- 
ing up to the larger (broken and egg). Tests of the stratified 
mixture in the jigs seem to show that most of the cleaning or 
separating of the coal and slate takes place as the mixture 
passes under the regulating-gate, which may be raised or low- 
ered to accommodate each size of coal jigged. In order to 
direct the greatest impulse to that point, the area of the open- 
ings per square foot of grates is largest at this point and smaller 
in front of the opening leading to the slate-discharge. 

The coal-conveyor head-shaft is driven direct from the eccen- 
tric driving-shaft, by means of a chain-drive. A counter-shaft 
is driven from the coal-conveyor head-shaft. This latter shaft 
drives the slate-discharge conveyor by a chain, which may be 
thrown in or out of operation by means of a spiral-jaw clutch, 
the operating-lever being located within easy reach of the jig- 
tender. The hutch-product, which falls through the grates, is 
slushed or washed out when the slush-gate is opened, passes 
over a jig slush-shaker, and is returned to the sizing-screens. 

More or less breakage occurs in a jig, for which the coal- 
coiiveyor is largely responsible; and recently I have re- 
placed the steel flight and chain with a belt-conveyor. This 
has decreased the degradation; but the increase in cost of 
maintenance may exceed the saving in breakage. The teat is 
not yet concluded. The belt-conveyor has the additional ad- 
vantage, especially on the larger sizes of coal, that it may be 
used as a moving table for the inspection and picking of the 
jigged coal before it is delivered into the pockets. 

Table XL gives a comparison of the saving in breakage by 
use of a belt, instead of a chain-conveyor, to remove the coal 
from a jig. The test was conducted on a jig for broken-coal. 
The first result shown is the breakage made in the jig-tank by 
the rubbing or moving of the coal on itself, and cannot be 
charged against the method of discharging the coal. 
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Table XI. — Percentage of Smaller Sizes Made in Jigging 
Broken Coal, 


Slove. 

iz; . 

Ph 

eS 

O) 

A 

1 

CD 

« 

Barley. 

Dirt 

Pea aud 
Smaller. 










0.42 

0.21 

0.21 

0.28 

0.16 

0.29 

0.84 

1 

1.78 

r Breakage made in 
1 jig-tank. 

Steel flight-conveyor. 

1.05 

0.64 

0.58 

0.67 

0.37 

0.56 

1.55 

3.73 

0.92 

0.49 

0.75 

0.79 

0.45 

0.73 

1.74 

4.46 

Steel flight-conveyor. 

0.85 

0.44 

0.44 

0.55 

0.27 

0.44 

1.07 

2.77 

Belt-conveyor. 

1.16 

0.40 

0.56 

0.62 

0.36 

0.56 

1.50 

3.60 ! 

Belt-conveyor. 


The breakage shows a los^ of about 10 cents a ton for jigs 
equipped with flight-conveyors, and 8 cents a ton for jigs 
equipped with belt-conveyor, or a saving of 2 cents a ton by 
using the latter. 

Table XIL shows the loss in jigging stove-coal in a jig 
equipped with steel flight conveyor-discharge. 


Table XII. — Percentage of Smaller Sizes Made in Jigging 

Stove-Coal. 


Pea j 

Buckwheat. 

Rice 

Barley. 

Dirt 

Total. 

Loss m Cents Per Ton. 

1 

0.4 1 

0.3 i 

0.1 

0.2 

0.3 

1.3 

3.25 

0.29 

0.35 1 

0.14 

0.21 

0.58 

1.57 

4.25 


Table XIII. shows the capacity of the jig in removing im- 
purities. The tests were made on stove- and chestnut-coal, and 
the amount handled was from 10 to 12 tons per hour. The 
average specific gravities were : coal, 1.63 ; slate, 2.32 ; bone, 
1.92. 


Table XIII. — Impurities Before and After Jigging. 



Before Jigging. 

After Jigging. 


Percentage of 

Percentage of 

Size. 

Slate 

Bone. 

1 Slate and Bone, 

1 Half-and-Half. j 

Slate, j 

Bone. 

Slate and Bone, 
Half-and-Half, 

Coal in 
Refuse 

Nut 

23.25 

3.25 


3.50 

3.25 


4.25 

Nut 

20.5 

6.50 

0.75 

2.25 

3 00 

0.5 

5.00 

Stove . 

25.5 

5.00 

0.75 

1.5 

2.25 1 

1 

0.5 

1 ! 

6.00 
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"When the slate or refuse in a jig is drawn out by means of 
the slate-conveyor, any coal drawn with the refuse may be re- 
claimed by hand-picking in the refuse-inspection chute. The 
percentage of coal in the refuse, as shown in the above jig-tests, 
could be considerably reduced by this method. Any refuse 
drawn out by the coal-conveyor may be reclaimed in a similar 
manner — the jig-tenders or pickers removing by hand suffi- 
cient of the refuse in the coal so that ±he product going to the 
loading-pockets will not contain a greater percentage of im- 
purities than is allowed. 

The capacity of a jig for removing impurities depends largely 
upon the plunger- or water-displacement per minute. In some 
styles of jigs, where the plunger operates in a box lined with 
cast-iron rubbing-plates, it is very difficult to maintain a tight 
fit, to prevent slip, or the flowing of water past the plunger at 
each down-stroke, which reduces the water-displacement and 
capacity. To the plunger are fitted adjusting-strips, which are 
set out against the rubbing-plates, to secure a perfect fit. "When 
cast-iron plates are used, the adjusting-strips should be gone 
over and set out at least once every day. It has been found 
that, when bronze rubbing-plates are used, the plunger-strips 
require adjusting only about once every week, and will main- 
tain a tight fit for that length of time. This advantage in jigs 
using bronze for rubbing-plates has increased the capacity of 
that design. 


Table XIV. — Gapacity of Jvj in Tons Per Hour. 


Rubbing-Plates. 

Broken. 

Egg. 

Stove. 

Nut. 

Pea. 

Ci3-8'fc“iT’nTi, , 


4 

1 4 

5 

6.5 

Bronze 

6 

8 1 

1 . — ^ — . 
j 10 to 12 

12 to 15 


The capacity of the latter type, as shown in the table, is 
higher than is usually obtained under ordinary working-condi- 
tions, which reduced it about 26 per cent. 

There are many machines for cleaning coal which depend on 
the angle of friction. One of the first types installed (Fig. 13) 
consisted of a series of slots at right-angles to the center-line of 
the chute. The mixture of coal and slate, in sliding down the 
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inclined chute, is accelerated. The coal, with smaller coeffi- 
cient of friction than slate, gains in velocity, and is carried over 
the slot or opening by virtue of its greater momentum. The 
openings may be adjusted for different varieties of coal; but 
when the coal is from seams of different qualities, or when there 
is an alternate wet and dry mixture coming from the mines, 
the slots must be opened wide, in order to pick out sufficient 
impurities to pass inspection ; and in these cases too large a 
proportion of the coal goes with the refuse, resulting in a re- 
duction of mine-car yield, which is farther reduced by the ex- 
cessive breakage. 



The spiral separator consists of a center column, with a series 
of spiral bands, inclining towards the center, down which the 
coal and slate slide. The coal maintains a fixed path as long 
as the friction of the coal on the chute and the centrifugal force 
balance. As the velocity increases, the centrifugal force in- 
creases, and when it overcomes the friction, the coal moves to 
the outer edge of the spiral plate and falls into a coal-chute. 
The slate, with higher coefficient of friction, follows a regular 
path, and at the bottom goes to the refuse-pocket This type 
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will work fairly well when handling all dry or all wet coal, but 
will not give good results on a mixture of both. It is some- 
times used on the mud-screen run-of-mine for a preliminary 
separation, to remove solid rock before jigging. The capacity 
is about 4.5 tons per hour. The falling of the coal from the 
spiral plate to the coal-chute causes a loss in breakage estimated 
at S per cent. This type, as well as the former, requires con- 
siderable height for installation, and may increase the height 
of the breaker. 

A type of picker recently installed for anthracite consists of 
a metallic moving picking-table, which is adjustable, to give it 
a pitch in two directions, first, across the table, and second, in- 
clined on the center-line, so that the moving band travels up 
the pitch. Coal is fed to the table at the high corner and 
travels obliquely across the table, discharging over the opposite 
side, the pitch being sufficient so that the resultant of all forces 
down the table is greater than the friction of coal on the moving 
table, tending to carry it up and over the slate-discharge end. 
The slate, by reason of its greater coefficient of friction, is car- 
ried up and over the discharge into the refuse-chute. This 
type, on larger sizes, requires an attendant, and might be de- 
scribed as a mechanical moving picking-chute. The operator 
merely touches the slate, increasing its adhesion to the moving 
band, when it is carried away. This saves the lifting and hand- 
ling needed on an ordinary picking-chute, and increases the 
efficiency of a man, or his capacity for inspection and cleaning. 

Mechanical pickers depending on the fracture of the coal or 
slate are installed when the run-of-mine contains a high percent- 
age of fiat material, which must be removed from the sized 
coal to improve its appearance, but would not materially affect 
the burning qualities of the coal. One type has already been 
described above under Fixed Screens.” In general, they con- 
sist of a series of long and narrow openings, over which the 
more cubical pieces of coal slide, allowing the flat material to 
fall through. Such coal as falls through may be cleaned of 
impurities in a separate jig or other separator; the product is 
then broken down into one of the smaller sizes and re-screened. 

Table XY. gives the average number of pickers of all kinds, 
including jig-tenders, required to clean 1,000 tons of prepared 
sizes of coal in 10 hours. 
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Table XV. — Number of Pickers Per 1,000 Tons in 10 Hours. 


Fust Class 

Second Class. 


1 Third Class 

I 

Dry 

Dry and Wet 


1 Wet. 

Hand Loading and a 
Clean Run-of-Mine. 

Hand Loading and a 
Clean Run-ot-Mine. 

Chute-Loading and 
Dirty Run-of-Mine. 
High in 

1 Chute-Loading and a 
Run-of-Mine High 
, in Slate. 



Bone and 
Slate. 

Slate. 

19.2 

23 . 

66.8 

47 . 

42 . 


3. Mevators and Conveyors. 

Conveyors are used to transfer material from one point to 
another, either in a horizontal or an inclined plane. The incli- 
nation should not exceed 30®, and the average is much less. An 
elevator is used to transfer material vertically, when the point 
of discharge is vertically over the point of inlet, or nearly so. 

Conveyors may be classified according to style of chain, 
flight, or trough, but I will name only three general classes : 
(1) single-strand conveyors ; (2) double-strand conveyors (com- 
prising scraping- and carrying-conveyors); and (3) belt-con- 
veyors. 

The single-strand conveyor is recommended for all sizes of 
flights up to and including 8 in. wide by 18 in. long. The 
length is variable and depends upon the strength of the chain 
and the factor of safety adopted. The double-strand conveyor is 
recommended when the size of flight required for the capacity 
exceeds the size to be used for a single-strand conveyor. 

The single-strand conveyor will not take an over-capacity 
without burying the chain in the material, which will often ride 
the chain, and being carried under the head-sprocket, throw 
oflf the chain or break the line, causing delays. By using a 
single round-bar chain, this disadvantage may be eliminated. 

The double-strand conveyor may be constructed so that the 
chain will be up and out of the trough and be protected from 
the material when overloaded. 

The carrying-conveyor is used, generally, to convey run-of- 
mine coal from the dump to the head of the breaker. The 
capacity is limited, and the speed slow, 60 ft. per minute being 
the maximum. 
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Belt-couveyors are not extensively used. They have the 
advantage of large capacity at small horse-power, but must 
necessarily discharge all the material at the end unless a tripper 
is used — which requires room not always available. Eubber 
belts depreciate when idle, especially after having been sub- 
jected to the action of sulphur-water; and the long periods of 
suspension during dull months are hard on rubber belts. 

Fig. 14 gives detail cross-sections for 6- by 16-in. and 8- by 
244n. cast-iron flights and cast-iron trough-conveyors, espe- 
cially desirable where the material to be handled is saturated 
with acid mine-water, which would quickly attack a steel 
trough. The trough is cast in sections, 4 ft. long, and bolted 
together. For a double-strand conveyor, a 2.5- by 2.5- by f-in. 



Fig. 14.— Cboss-Sections of Single- and Double-Steand Conveyors. 


angle is riveted to the flight, to which is bolted a 5- by 3-in. 
chain-attachment angle. The lower or conveying chain is at- 
tached to the 5- by 3-in, angle in such a manner as to be up 
and out of the trough, and is carried on a hard-wood strip. 
This method reduces the wear on the trough, but the wear is 
not severe on the chain, when the hard-wood strip is lubricated. 
The flight cannot tilt or bend backward, as is often the case 
when the chain is unsupported on the lower run. The return- 
run of the conveyor is carried in a similar manner to the lower 
run. To handle material under ordinary conditions, I have 
found that three sizes of conveyors are ample for all the require- 
ments of a modern breaker. 
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Table SVI. — Sizes of Conceyovs. 


ze of Flight 

Centers. 

Capacity at 
125 ft. per Mm. 

Number of ' 
Strands 

Average 

Chain-Pitch 

Aveiage 
' Diameter of 
, Sprocket. 

Inches. 

Inches. 

a’ons. 


Inches. 

' Inches. 

5 by 12 

18 to 24 

40 

Single. 1 

3 

1 30 

6 by 16 

24 

90 

Single. 1 

6 

1 30 

8 by 24 

27 to 36 

175 

Double. 

6 to 9 

j 30 


Larger conveyors are often used to handle the run-of-mine 
from the dump into the breaker; but such installations are 
special. 



Fig. 15.— Side-Elevation, Showing Docblb-Stkand Gravity-Dischabgb 

Elevator. 

Elevators may be of two types, single or double strand. 
There are many sizes of buckets and styles of chain on the 
market. The bucket and chain used depend on the capacity 
and height required. A single-strand elevator should not ex- 
ceed 50 ft., or a double-strand elevator, 75 ft., centers of 
sprockets. Eig. 15 shows a 22- by 24-in. bucket, gravity-dis- 
charge type. This size will meet all the requirements of a 
2,500-ton breaker. 

The loss in breakage by handling coal in scraper-conveyors 
is not excessive, usually not exceeding 2 to 3 per cent., and 
generally less. Practically all the loss is due to the method 
of chuting the coal into the conveyor; little or no breakage 
being due to the conveying or discharging of the coal. With 
belt-conveyors, the breakage at the discharge-end, due to the 
drop at high velocity, is excessive. In elevators, the loss in 
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breakage is high, by reason of the method of filling the buckets 
at the foot, and the drop at the discharge. In a modern 
breaker, the design should be such as to eliminate the handling 
of prepared sizes by either conveyors or elevators, except in the 
case of condemned coal. 


4. Chutes. 

Coal-chutes are used to convey material from a higher to a 
lower point by gravity. If badly constructed, tliey cause a loss 
by degradation of size, which often exceeds the combined losses 
from all other sources. The quality of coal varying, the pitch 
on which it will slide must be changed to suit local conditions. 
Clean coal will run on less pitch than the mud-screen mixture 
of coal and slate of the same size ; hence, each particular chute 
must be built to accommodate the coal which it is to handle. 
The breakage of coal in gravity-chutes may be attributed to the 
following sources : irregularities in the bottom of the chute ; 
the striking of one piece of coal against another; drops at 
any point, especially at right-angle turns ; and the blow which 
the coal receives at such turns when it runs against the side of 
the chute, or when one piece of coal strikes another. An ideal 
chute should eliminate the above features, thus reducing the 
breakage and increasing the mine-car yield. 

Chutes may be divided into two classes, inclined chutes and 
vertical telegraphs. The former are used to codvey coal from 
a higher to a lower point not directly beneath the starting 
point, and the latter are used to lower coal vertically. 

A proper chute is generally rectangular in cross-section, and 
of a pitch which will just allow the coal to start running after 
it has been stopped or held back. The corners or turns are 
banked or raised so that pieces will slide around without 
striking the sides and without drop. When the chute makes 
a 180° turn, a back-switch is recommended, so that the coal 
may be brought practically to rest, and the velocity reduced, 
before starting down the pitch again. 

Table XVII. gives the size of coal, the usual pitch in inches 
per foot, and the size of chute usually used. The lining of 
the chute is sheet steel for all sizes below broken. The lump, 
steamboat, and broken will slide on smooth cast-iron plates, 
inclined on the pitches shown. 
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Table XVIL — Pitch and Width of Chutes, 



Pitch 

Width 


In per Foot 

Inches. 

Lump 

2.25 to 2.5 

36 

Steamboat 

2.25 to 2.5 

36 

Broken 

2.5 to 3 

30 

Egg 

2.626 to 3.25 

24 

Stove 

2.75 to 3.5 

24 

Nut 

3 to 4 

18 

Pea 

4 to 6 

J2 

Buckwheat ... 

4.5 to 6 

12 

Rice 

5.0 to 6.5 

12 

Barley 

7 to 8 

12 

Dirt 

8 and over 

12 


After steel-lined chutes have been installed in a breaker, it 
is sometimes found that the coal blocks at certain places, by 
reason of lack of pitch. When it is not practicable to change, 
the pitch of the chutes, the steel lining may be replaced with 
bronze, or sometimes with glass, on which the coal will run 
at a much lower pitch. A test made in a bronze-lined chute 
18 in. wide showed that, for the passage of 2 tons per minute, 
the following pitches were required: for egg, 2.75 in.; for 
nut, 3.75 in. ; and for barley, 4.2 in. 

The vertical telegraph is of two kinds, the first of which is 
employed simply to lower coal, while the second both lowers 
coal and stores it in a pocket. 

The first type (Fig. 16) consists of a wooden box, open on the 
sides. Shelves are placed alternately on the front and back 
inside the box, and inclined towards the center. The spacing 
between shelves is just sufficient to allow the coal to pass. 
The shelves are covered with steel, so arranged that the opening 
between shelves may be opened or closed by adjusting the steel 
plate. In this type, coal enters at the top and leaves at the 
bottom. 

The second type (Fig. 17) shows the same box-construction ; 
but, since this telegraph is used to fill a storage-pocket, pro- 
vision is made to discharge at various openings in the sides, as 
the apex of the pile increases in height, blocking the lower 
holes. The shelves are placed horizontally, with a high back. 
The falling coal fills these shelves, and, after they are filled, the 
coal rolls down on the incline of the coal in the shelves, similar 
to the avalanching of coal on the face of a high storage-pile. 
Tests show that when coal rolls down on a pile, the velocity is 

VOL. XLII.— 19 
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uniform and the breakage practically ; and this telegraph 
was designed upon that principle. The shelves are so spaced 
that a line tangent to the angle of repose of the coal on any 
shelf will be tangent to the back of the opposite shelf, so that 
the coal will roll down the telegraph until the filling of the 
pocket blocks the bottom (Opening, when the coal will roll down 
on the tangent-line and discharge through a side-opening. 



Fig. 16 . —Vertical Tele- Fig. 17 . —Vertical Telegraph, Usei> 

GRAPH, Used for Lower- por Lowering and Storing Coal. 

iNG Coal. 

Tests of this style of telegraph show very little loss — gener- 
ally under 1 per cent, when properly constructed. They are 
used for all sizes up to and including egg-coal. They may 
be of any height. I have designed one of large capacity 
(300 tons per hour) 65 ft. high. The capacity of a 24-in.-8quare 
telegraph is about 150 tons per hour; of one 48 in. square, 
about 300 tons per hour. The capacity is directly proportional 
to the width. 
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5. Automatic Feeders, 

This class of machinery is used to control the supply of coal 
during preparation. 

The simplest form of feeder used is the hand-controlled gate. 
Its use is recommended between the dump-chute and the pick- 
ing-head or room. By using this style, the feed to the men 
picking may be cut off or held back, so that the men may more 
thoroughly inspect a certain lot of coal on the table, the quality 
of which is doubtful ; or accelerated when the run-of-mine is 
good. An automatic feeder delivers a uniform amount con- 
stantly, and cannot thus carefully control the supply to the 
table. 

There are several types of automatic feeders. The barrel- 
feed consists of four plates set at 90°, bolted to spiders rotating 
on a shaft. This machine is placed in a chute and rotates in 
the direction in which the coal flows. The coal blocks behind 
the paddles, and is picked up, carried over, and dumped on the 
opposite side. The drop on the opposite side in the larger 
sizes of this machine is high, causing breakage. The feed is 
intermittent and not continuous, so that the discharge from the 
feeder comes in rushes. 

The reciprocating-feeder consists of a flat table, operated 
under the discharge-end of a dump-hopper. Its method of 
feeding is as follows : As the table moves forward, the material 
on it is carried with it and the material in the hopper crowds 
down to fill the vacant space. When the feeder moves back- 
ward, the material in the hopper prevents the material on the 
table from returning, and it is discharged over the end. The 
stroke of the feeder can be adjusted to increase or decrease the 
feed. This feeder is also intermittent in operation, but delivers 
the coal with little breakage. It is adapted for feeding the 
large sizes and run-of-mine coal. 

The rake-feed consists of a series of pointed teeth, mounted 
together, and raised and lowered through tlie bottom of a chute 
by means of an eccentric. The teeth, when up, hold back the 
coal, allowing it to slide over when the teeth are down. It 
feeds intermittently, and allows the fine sizes of coal to pass by 
between the teeth, when feeding an unsized mixture. 

Of the continuous-feed type, one machine frequently used 
consists of a round, horizontal revolving table, the coal being 
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fed through a cylinder, suspended directly over the vertical 
axis of the table. The distance is such that coal discharging 
at the end of the cylinder will not roll over the edge of the 
table. An adjustable scraper located at the edge of the table 
scrapes the coal into a chute, and as the coal is scraped off, the 
material in the cylinder rolls out to till the space made vacant. 
The feed may be adjusted by moving the scraper in or out, in 
relation to the center of the table, thus increasing or decreasing 
the amount fed. There is little breakage made in this type of 
feeder, and the amount delivered may be easily and quickly 
adjusted. It is not to be used on run-of-mine coal, but on sizes 
smaller than broken. 

Feeders are very necessary in a breaker, as the control of 
coal during preparation, especially of that going to sizing- 
screens, allows the screen-area to be made a minimum, and not 
necessarily designed to handle a rush of coal, as is so often the 
case in breakers operating without feeders. 

III. Power. 

Economical engines to drive breakers have not, until re- 
cently, received the consideration they deserve. The demand 
for small sizes of coal was light, and the overproduction was 
considered a waste, and used to generate steam at the colliery 
boiler-plant. The increasing market for steam-coal has made it 
necessary to economize in the use of steam, by installing high- 
class and efficient engines. It was formerly not uncommon to 
find engines using as high as 75 lb. of steam per horse-power 
per hour. With a modern engine, tlie steam-consumption should 
be not more than 23 lb. when running at its full load. The pref- 
erence is for a compound, non-condensing, Corliss engine. Such 
a machine should be located in a separate building, free from 
dust, and arranged to drive all the breaker-machinery, with 
the exception of the jigs. Jigs, and all the machinery to which 
they are tributary, should be driven by a separate engine. This 
arrangement allows the jigs to continue cleaning coal in case 
the breaker is stopped, the coal being fed from a storage-pocket 
to the jigs. The main breaker-engine may be belted to a main 
line-shafo, and power may be distributed from this to the vari- 
ous machines by means of belts or rope-drives. The flexibility 
of the latter system makes it preferable for long drives and for 
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isolated machinery. When a break occurs in a rope-drive, the 
rope can generally be spliced with very little loss of time to 
the breaker. The splice is known as a short splice, and 
is usually from 24 to 30 in, long. Various styles of rope-cones 
have been devised for quick splicing, but are not to be recom- 
mended, as the length will not usually permit them to pass 
over the smaller sheave-wheel without a bad bend in the rope 
at the point where the rope enters the cone. 

Rope-transmission of power has the disadvantage of increas- 
ing the total horse-power required, when many long drives are 
installed, with frequent turns over idler-sheaves. 

A saving in horse-power would result by the use of more 
efficient machinery in the breaker, by the use of roller-bearing 
pedestals, etc., as the frictional horse-power required is very 
close to 75 per cent, of the total power required to drive the 
breaker when loaded. 

Table XVIII. gives the total horse-power required to drive 
various breakers, and the machinery in operation : 


Table XVIII. — Horse-Power Pequired and Number of Machines 
Operated at Three Breakers. 


Number 

j Horse-Power, 

cc 

a 

A 

s 

3 i 

1 

Conveyors. 

1 

1 

Elevators. 

1 

1 


e 
' -S 

Light. 

Loaded. 

o 

.£5 

m 

■g'S 


1 

! ^ 

1. 

216 

280 

7 

33 

2 

1—110 ft. 

1— 75 ft. 

1— 64 ft. , 

2— 60 ft. 



2. 

342 

512 

4 

34 


1— 75 ft. 

1- 60 ft. 

3— 50 ft. , 
1— 60 ft. ' 

82 

i S 

1 

3. 

393 

546 ' 

i 

1 

4 

85 

1 

1 

1— 90 ft. 

1— 75 ft. 

1— 60 ft. 
1—300 ft 

3- 65 ft. 

1— 45 ft. 

1 


2 


The horse-power in the table is the indicated horse-power of the breaker-engine. 


In breaker Xo. 1, the short drives were belted, and the long 
ones had rope-transmission, installed without the need of any 
angle sheave-wheels to carry the rope around corners, which 
would increase the bending-stress in the rope, and the total 
horse-power of the breaker. 

In Xo. 2, the power was delivered by rope-transmission 
almost exclusively. Drives to isolated machinery were long, 
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witli many bends or turns in the ropes, and required more 
power in proportion to the machinery driven than in l^o. 1. 

In JIo. 3, the method of drhnng was similar to No. 2. There 
was a large carrying-conveyor, 300 ft. long, to elevate the coal 
into the breaker, which required from GO to 75 horse-power. 

Table XIX. — Actual Horse-Power Required to Operate 
Various Machines. 


Machines 

Horse-Power 

Speed per Minute. 

Revolving-screens, . 

3 to 5 

250 ft. periphery. 

Shaking-screens, 

2 to 3 

140 to 150 revolutions. 

Oscillating-hars, 

3 

50 revolutions. 

Rolls, No. 1, 36 in diameter, 

12 to 15 

100 to 110 revolutions. 

Bolls, No. 2, o6 in. diameter, 

12 to 15 

100 to 110 revolutions. 


Horizontal .Convej/ors, 100 ft. Long, at 100 ft. Per Minute. 


Size of Flight. 

Inches. 

5 by 12 

6 by 16 

8 by 24 

Capacity per Hour. 
Tons 

40 

90 

176 

Horse-Power 

3.2 

5.2 

97 

Size. 

Feet. 

4 by 8 

Kind of Coal 
Jigged 

Nut or Stove. 

Jigs. 

Capacity 
per Hour 

Tons 

10 to 11 

Hoise- 

Powei. 

2.21 

Revolutions 
per Minute. 

90 to 95 

Size of 
Bucket 
Inches 

22 by 24 

Elevator, 

Height Double Strand 

Feet 

80 8 in. pitch, eye-bar 

Feet pel 
Minute. 

130 

Horse- 

Power, 

13.4 


chain. 


IV. Labor. 

The number of men and boys employed on preparation de- 
pends on the capacity of the breaker and the quality of the 
run-of-mine coal. They may be divided into two classes : (1) 
those directly responsible for the preparation ; and (2) those 
only indirectly responsible, but necessary for the dumping and 
loading of the coal and the maintenance of the breaker. Table 
XX. gives in detail the occupation of the various employees, 
and the number of tons of all sizes shipped per employee in 
10 hours. 
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Table XX. — Average Number of Tons Per Emjyloyce in 
10 Hours. 


Dry, 


Breaker-boss 

Ticket-takers....: 

Dumpers 

Plate-men and table-tenders 

Skinners and chippeis 

Boll- and elevator-tenders 

Hopper- and conveyor-tenders.... 

Screen- and shaker-tenders 

Screen- and picker-bosses 

Hand slate-pickers 

Mechanical-picker tenders 

Jig- tenders 

Breaker-oilers 

Breaker, jig and pump engineers, 

Loaders 

Court-house man , 

Sweepers and cleaners 

Coal-pickers in refuse 


1,860 

1,860 

930 

206 

618 

618 

930 

1,860 

1,860 

144 

930 


M30 

1,860 

156 

1,860 

930 


-Loading 

Clean 

of-Mme. 

I Chute-Loading 

1 and Dirty 

Run-of-Mine. 

Hand-Loading 
and Fair 
Run-of-Mine. 

Highm 
Bone and 
Slate 

I High in 

1 Slate. 

Dry and 
Wet 

Dry and I Dry and 
Wet. 1 Wet. 

Wet. 

1 

Wet. 

1,938 

1,030 

1 1,940 

1,120 

1,330 

1,610 

1,030 

1 i 


1,330 

570 

628 

i 1,940 

560 

665 

182 i 

150 

1 255 

280 

221 

420 1 

262 

390 



1,380 1 

788 

1,470 ! 

1 


1,080 1 

628 

840 

, 373 


1,201 1 

788 

980 i 

^ 1,120 

1,330 

880 1 

313 

393 : 

660 

1,330 

149 I 

51 

66 

i 224 

1,330 

1,201 ! 



1,120 

1,330 

405 : 

63 

184 

^ 140 

166 

969 

628 

650 

s 560 

1,330 

1,938 

788 

583 

i 1,120 

665 

140 

150 

215 

1 224 

333 

1,938 


1,940 


1,330 

4,800 1 

1,030 

970 

560 

1,330 


930 : 





The figures in the last column are for a breaker recently 
erected and put in operation ; but, up to the present time, the 
estimated maximum tonnage of 1,200 tons in 9 hr. has not 
been shipped. It will not be necessary to increase the number 
of employees to clean and prepare the coal when operating at 
full capacity ; and the number of tons per employee is based 
on the present force and an estimated tonnage. 

It will be noted that in this column the number of tons per 
loader in 10 hr. is much greater — in some instances more than 
double the number given in other columns. This is the 
result of a new method of transferring the coal from the 
storage-pockets into the railroad-cars, which is operating suc- 
cessfully at one of the anthracite storage-plants to load coal 
into cars, and is one of the features of the new Mineral Spring 
breaker of the Lehigh Valley Coal Co., near Wilkes-Barre, Pa. 

The problems of loading at a storage-plant and at a mine 
differ. At the former, shipments may be arranged so that all 
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orders for one size of coal can be loaded in sequence. At the 
latter, arrangements must be made to load all sizes as they are 
prepared in the breaker. 

Breaker-pockets should hold at least the capacity of the 
largest ear furnished ]>y the railroad to be loaded. Tinder 
the old method, with one loading-track, and pockets located 
parallel to the center-line of track, simultaneous loading from 
adjacent pockets cannot be done, unless the distance from cen- 
ter to center of loading-gates is equal to or greater than the 
over-all length of a car. This is not usually the case ; and so 
it often happens that during loading from one pocket, an ad- 
joining bin becomes filled with coal, blocking the chutes lead- 
ing to the pockets and causing a delay throughout the entire 
plant. Such a condition may be remedied either by installing 
one or two additional loading-tracks, or by increasing the 
pocket-capacity. 

Fig. 5 shows a section through the loading-pockets of a typi- 
cal modern breaker. There are three tracks, for loading box- 
cars, low and high gondola-cars, respectively. An additional 
advantage of separate tracks is that the loading-chutes are ar- 
ranged to suit each general type or size of car. This arrange- 
ment reduces the breakage resulting from a high drop of coal 
when loading into a low-side car from a pocket arranged for 
loading a high one. A hinged loading-apron or chute may be 
used, which can be lowered into a car ; but this eifects little, if 
any, economy. Since the upper end of the apron is fixed, the 
lowering of the other end into a car increases the pitch, allow- 
ing the coal to exceed its normal velocity when sliding over 
the apron ; and the anticipated saving in breakage is usually 
lost. In the new Mineral Spring breaker, there is a radical 
departure from former designs in the loading-arrangement. The 
object desired is to reduce the number of car-loaders required 
to load an equal tonnage by the former methods, and by care- 
ful handling of the material during the preparation, to elimi- 
nate lip-screens and the consequent necessity of a final washing 
of the coal at the point where it eaters the car. Washing coal 
on the lip-screens is usually required to remove the fine screen- 
ings, made during preparation, which adhere to the coal. This 
additional water is very objectionable. It saturates the coal 
loaded into a car, and freezes during the cold weather. The 
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^yater dripping from the loaded car washes the track and road- 
bed, and helps to make the vicinity of the loading-pockets a 
very difficult place to keep clean, especially during freezing 
weather. 

The 14 loading-pockets at Mineral Spring are located at a 
right angle to the center-line of the loading-tracks, and sym- 
metrically about the center-line of the breaker, seven on each 
side, and arranged to receive seven different sizes of coal, two 
pockets to each size (egg to barley, inclusive). The capacity of 
two pockets for egg-coal is about 130 tons, decreasing slightly 
for each size, down to barley. The loading is concentrated at 
one point, and large pockets are necessary to store each size 
of coal coming from the breaker while another size is being 
loaded. In loading, the coal is fed on to a 36-in. belt-con- 
veyor, located between the two lines of pockets on the center- 
line of the breaker, and is conveyed to a point beyond the ends 
of the pockets and discharged into a car, over a loading-apron. 
The head or discharge-end of the conveyor, together with the 
apron, may be raised or lowered to suit different heights and 
styles of cars, by means of a steam-cylinder, controlled by a four- 
'way valve. Another steam-cylinder, controlled by a throttle- 
valve, opens and closes the pocket-gates through a system of 
levers and shafting. 

Pockets containing the same size of coal are opposite each 
other, with four feeding-gates, two to each pocket. These four 
gates are opened simultaneous!}^, and the opposite gates feed 
into a bifurcated chute, discharging the coal on the belt in the 
direction in which it is moving, and at about the same velocity. 

The cars to be loaded are placed on an Ottumwa steam-actu- 
ated gravity box-car loader, consisting of a platform, to which 
cars are clamped, and then tilted by rotation about a fixed 
center until the platform is inclined at an angle of about 35°. 
The center of rotation is located at about the point where the 
apron will enter an average box-car door. The coal falls into 
the car and flows by gravity to fill the lower end of the car. 
When that end is filled, the loader is rotated in an opposite 
direction, and the other end loaded. Gondola-cars may be 
loaded in the same way. The levers and valves controlling the 
starting and stopping of the conveyor, raising and lowering its 
head or discharge-end, and operating the loading-gates and 
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the box-car loader, are placed so as to be under the control of 
one man, located at the discharge-end of the conveyor. In ad- 
dition to this man, there are three car-runners employed in 
bringing the empty cars to be loaded, and running the loaded 
cars over the scales, and to the stand-track. 

V. Water Used. 

Water is used in breakers of Classes 11. and III., to clean 
and wash coal during sizing ; on the lip-screens, to remove fine 
screenings; and in jigs. 

Water is not usually directed on shakers handling mud- 
screen lump-, steamboat-, or broken-coal, which is to be hand- 
picked or re-broken into smaller sizes, unless the small mate- 
rial in the mixture coming to the mud-screens adheres to the 
larger pieces, coating them, so that a picker is unable to pass 
upon the quality of the product he is inspecting. 

The number of gallons of water required per minute is equal 
to the number of tons shipped per day of 10 hr. Thus, a 
1,000-ton breaker will require 1,000 gal. of water per minute. 
It should be pumped into a storage-reservoir at the top of the 
breaker, and thence conveyed by supply-pipes to the places 
where it is needed. The reservoir should he large enough to 
supply the breaker for at least 20 or 30 min. and thus cover ordi- 
nary interruptions in pumping. The size of pipe used for a shaker 
4 ft. 6 in. wide and 15 ft, long is usually 2.5 in. inside diameter, 
with two 1.5- or 2-in. branches delivering on the shaker. 

Where the water is acidulated, cast-iron pipe should be used. 

VI. Costs. 

1. Cost of Breaker. 

The total cost of a breaker-structure varies with the location, 
the style of construction, and the class or method of prepara- 
tion. Table XXL, based on the desired tonnage, and covering 
all labor and material for foundations, breaker-structure, and 
machinery, represents present conditions. 


Table XXI. — Total Cost of Modern Breaker. 


s . 

Tons Per 10 Hours* 

Construction j 

Cost Per Ton. 

' Cost Per Square Foot, 

2 

2,800 

Timber. | 

190.40 

^9.80 

2 

2,000 

Timber. i 

88.50 j 

7.20 

3 

1,200 

Steel and wood. 

118.00 

14.20 
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2. Cost of Operation. 

Table XXII . — Cost of Preparation and Maintenance. 

(All costs are given in cents per ton of all coal prepared and shipped.) 
A. — Hand-Loading and Fairly Clean Bnn-of-Mine. 


Class I — Dry. 

Preparation. Maintenance Total. 

Labor 

Labor 

Material 

9.94 

1 

6.78 

1.41 

1.75 

Class II. — Dry and Wet. 

8.73 

2.40 1 

3.08 

14.21 

B. — Chute-Loading and Dirty Run- 

High in slate and bone. Specific G 
1.63 ; slate, 2.32 ; bone, 1 92. 

Class II. — Dry and Wet. 

of-Mine. 

ravity : Coal. 

15.51 

8.46 ' 

2.97 

4.08 

High in slate, no hone. 

7.58 ! 2.63 1 

1 3.92 

14.03 

Class III. — ^Wet, 

Specific Gravity : Coal, 1.52 ; slate, 2.23 ; no bone 

5.9 1 

1 

1.97 

3.35 

11.02^ 
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The Storage of Anthracite Coal. 

BY E. V. NOERIS, WII.KES-BAERB, PA. 

IWilkes-Baire Meeting, June, 1911 ) 

I. ISTEODUCTION. 

The anthracite coal trade, with a shipment averaging about 
70,000,000 tons per year, difters essentially from other coal 
business, in the fact that the larger sizes, comprising about 65 
per cent, of the total, are used almost exclusively for domestic 
purposes, principally during the winter months ; and that for 
proper combustion close-sizing is imperative, so that eight sizes 
are made; broken, egg, stove, and nut, known as prepared 
sizes, and pea, buckwheat, rice, and barley, known as steam 
sizes. 

These sizes are made in the regular course of preparation, 
and but little variation in the natural percentage of each is 
practicable. Thus it is necessary either to work the collieries 
intermittently, or to dispose of all the varying sizes in their 
fixed proportions. Unfortunately, the market does not at all 
times absorb the coal in proper proportions, and rather than 
interfere with the regular operation of the mines it has been 
found economical to provide storage for the excess. 

While the cellars of the consumers are the great storage- 
plants of the country, this capacity is not under the control of 
the trade, except so far as reduced prices during the spring and 
summer months may tempt the use of this reserve. The same 
remark applies but with less force to the retail yards, which, 
though usually small, store in the aggregate a large amount of 
anthracite. 

While every effort is made to utilize to the utmost the indi- 
vidual storage-capacity of the country, there still remains the 
necessity for taking care of the irregularities of the market by 
the construction of storage-plants under the direct control of 
the producers. Such plants are usually the property of the 
railroads, and are situated at points most convenient from a 
traffic stand-point. 
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II. Locatioh- of Plant. 

Three general types of location are adopted ; 

1. Seaboard . — Comprising plants situated at or near tide- 
water. This location has the advantage of placing the stock 
in a place readily available to the consumer, and providing for 
its distribution with a minimum danger of interference from 
derangement of transportation or lahor-difflculties, and the dis- 
advantage that the capital locked up in the stock is increased 
by the freight-charges on the coal. 

2. Local . — Comprising plants situated in or near the anthra- 
cite region, usually at points of convergence of traffic from the 
various operations controlled by one transportation interest. 
These plants have the advantage of a short haul from the 
mines, low freight-charges on the coal stored, and the capabil- 
ities of shipping to any market, with the disadvantage of pos- 
sible unavailability during labor-troubles or interrupted trans- 
portation, when the need for the stored coal may be exception- 
ally great. 

3. Interior . — Comprising principally storage-plants situated 
on or near the Great Lakes, especially at Buffalo and at points 
in Minnesota, Wisconsin, and Illinois. Such plants are prin- 
cipally useful in furnishing fuel to the West during the period 
of closed navigation on the lakes. Included in this class are 
a few railroad-plants at important junction-points west of the 
Alleghanies. 

The various transportation interests differ largely in the ex- 
tent to which they have installed storage-plants, the variations 
being chiefly due to the distribution and character of the trade 
enjoyed by each. The percentage of total annual output for 
which storage has been provided varies from more than 16 
per cent, for roads with a large Western trade to a little less 
than 2 per cent, for coal going largely to Eastern markets. 

The total capacity of the storage-plants now in use aggregates 
a little more than 5,500,000 tons, or about 8 per cent, of the 
annual output, not a month’s supply, showing the error of the 
popular belief that these plants are installed to provide for 
labor-troubles at the mines. 

Before taking up in detail the various types of plants, an 
analysis of the principles of storage is essential to a full under- 
standing of the advantages and limitations of each type. 
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III. Pactoes of Stoeagb. 

P/vces.— From Sa^vard’s Coal Trade, tlie prices for anthracite 
at 2few York, for December, 1909, were : Broken, $4.20 to 
$4.75; egg, $4.95 to $5; stove, $4.95 to $5; chestnut, $4.95 
to $5 ; pea, $3 to $3.25 ; buckwheat, $2.85 to $2.50 ; rice, $1.75 
to $2; barley, $1.35 to $1.50. These vary but little from the 
present prices except for the usual reduction of 50 cents per 
ton on prepared sizes, usually made fr.pril 1, and restored at 
10 cents per month till the full list-price is again reached, 
about September 1. 

The above prices, with a difterence of $1.75 per ton between 
the prepared prices and the price for pea-coal, indicate very 
forcibly the large expense involved in breakage from the pre- 
pared to the smaller sizes; and further, the market-standards of 
preparation permit only small percentages of undersize in any 
size of coal. 

While breakage is inevitable in all handling of a brittle sub- 
stance like anthracite, the causes of excessive breakage are well 
known. 

Dropping Coa^.— The breakage from dropping, of course, 
varies somewhat with different classes of coal, but from exten- 
sive tests, made some years ago, the following losses appear to 
be nearly an average. D = drop in feet. 


Amount of Breakage 
Size. Into Smaller Prepared 

Sizes. 

Amount of Breakage 
Into Small Sizes. 
Percentage. 

. Amount of Total 

Breakage. 

I Percentage. 

Broken 3 per cent + 43/100 D 

Egg 14 per cent + 43/100 D 

Stove |2 per cent 4* 33/100 D 

2 per cent + 17/100 J> 
2 per cent, -i- 17/100 D 
2 per cent 4- 27/100 D 
4 percent 4- 4/10 JD 
2 per cent. + 5/10 D 
1 per cent + 25/100 D 

5 per cent + 6/10 D 

6 per cent + 6/10 D 
4 per cent. + 6/10 JD 
4 per cent + 4/10 D 
2 per cent 4- 5/10 D 
1 per cent. 4- 25/100 D 


Bupkwliesit ' 



These tests were made both by dropping carefully-sized coal 
through measured distances, and by dropping car-loads into 
pockets in the regular course of transfer at tide-water. While 
it is impossible to avoid some drop, a great deal of breakage 
can be avoided by sliding the coal, either by chutes, as is done 
in the breakers, or on itself, as it has been found that sized 
coal delivered on a pile adjusts itself by avalanching in large 
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masses, with but little breakage, rather than by individual 
lumps rolling from top to bottom with the resulting attrition. 

Drawing coal from the bottom of a pile under pressure also 
results in very heavy breakage. While no figures are available, 
attempts to draw from under the centers of high piles have 
resulted in such disastrous breakage as to stop the practice im- 
mediately. 

Handling prepared coal by scraping-conveyors results in a 
loss by breakage and attrition into small sizes, varying from 
2 to 4 per cent, depending largely on the methods of feed 
and discharge. From observation, I do not believe that there 
is appreciable breakage during the transit, as the length 
of conveyor seems to have no measurable influence on the 
breakage. 

Belt- and carrying-conveyors have certainly no breakage in 
transit chargeable to them, but the drop at discharge-points is 
frequently considerable. 

Bucket-elevators cause a breakage of prepared coal into small 
sizes, varying from 2 to 5 per cent., almost entirely from the 
feed and discharge. 

Freezing , — The coal stored in the open air is in winter cov- 
ered with snow, resulting in surface-freezing, and not infre- 
quently the snow-covered or frozen surface is buried under 
additional coal, a fair non-conductor, so that even in summer, 
frozen coal is found occasionally in the interior of the piles. 
The reloading of frozen coal is always difiS-Cult and costly; usu- 
ally, gangs of men pick the frozen coal loose, at large cost both 
in labor and breakage. The most efficient method yet devised 
for handling coal under such conditions is the use of water, 
preferably hot water; unfortunately, but few of the plants 
are arranged to take care of the large drainage, which carries 
much fine coal dirt resulting from such an operation. 

Stocking , — The stocking of coal involves the handling of large 
quantities rapidly and economically, considerable railroad-yard 
for the handling of cars, and provision for storing the different 
sizes separately, as well as scales for weighing in the stored 
coal, unless such scales are provided at the individual collieries. 

Reloading , — This involves a plant capable of handling promptly 
and economically any one of the several sizes which may be in 
storage; and, further, owing to the necessary breakage in 
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handling, the rescreening of all reloaded coal, so that the stor- 
age-coal is put on the cars in as good condition as freshly-mined 
coal ; a neglect of this results in a market discrimination against 
storage-coal, which may involve serious allowances in price. 
The reloaded coal must also be weighed, and ample railroad- 
yard provided for handling the tonnage on the outbound end 
of the plant. 

Operation . — It must also be remembered that a storage-plant 
operates most irregularly; sometimes rushed night and day 
either stocking or reloading, and at other times idle ; full or 
empty sometimes for months at a time, so that low cost of 
operation when in active use may easily be counterbalanced by 
high fixed charges, either as interest on the investment, depre- 
ciation, or high fixed labor-cost from a permanent force. 

IV. Requirements of an Ideal Plant. 

An ideal storage-plant should comprise the following con- 
ditions : 

Storage of each size separately in varying quantities. 

Rapid handling into or from storage of any size. 

Minimum breakage in stocking. 

Minimum breakage in reloading. 

Rescreening all coal before shipment from storage. 

Preparation of screenings into sizes, and return of these to 
their proper piles. 

Minimum cost in operating-expenses. 

Arrangements for handling frozen coal. 

Ample railroad classification-yards for traffic into and out 
of the plant. 

Ample trackage through plant, with preferably gravity 
handling. 

Convenient location of plant and facilities for enlargement. 

Minimum danger from fire. 

Low first-cost per ton of capacity. 

liTo plants thus far constructed comprise all of the above- 
named features, and the design of any plant is necessarily far 
from ideal, involving as it does the balancing of the advantages 
and disadvantages of various types with a constant view to 
ultimate economv. 
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V. General Classification of Plants. 

Storage-plants vary much iu detail of design, but may be 
generally divided into two classes — non-mechanical and me- 
chanical storage — with the following types : 

Non-Mechanical : 


(a) Level. 

Stocking on the surface. 

Eeloading by hand or steam- 
shovel. 

(6) Level. 

Stocking from trestles. 

Keloading by hand or steam- 
shovel. 

(c) Level. 

Stocking from trestles 

Eeloading by tunnel with or with- 
out dock-scrapers. 

(d) Level 

Stocking in bins. 

Eeloading by tunnels. 

(e) Level. 

Stocking by cable- railway and 
dump-cars. 

Eeloading by hand or from bins. 

(/) Hillside. 

Stocking from trestles. 

Eeloading by hand, scrapers, or 
hydraulicking. 

Mechanical : 

(ff) Hillside. 

(A) Level. 

Stocking by traveling-canti- Beloading by hydraulicking. 
lever trimmer. 

Traveling or fixed tram- 
ways. Stocking and reloading by traveling buckets. 

(i) Level. 

Dodge system. Stocking by 
truss-trimmers in conical 
piles. 

Eeloading by swinging conveyors. 

(j) Level. 

Stocking by traveling 
trimmer. 

Eeloading by tunnel and travers- 
ing-conveyors. 

(A) Level. 

Covered plants. Stocking Keloading by traversing-conveyors 
by fixed trimmers. or by tunnel and dock-scrapers. 

1. Non- Mechanical Storage-Plants. 


(fl) Dump-Storage . — The simplest method of stocking large 
volumes of coal consists in forming a dump on a fairly-level 
surface, laying temporary tracks on the accumulating stock, 
and raising and shifting these as the stQrage grows in extent 
and height. Reloading is accomplished either by steam-shovels 
or grab-bucket cranes, operated from the edges of the pile 
from tracks which are shifted as reloading progresses. 

This plan, which fails to fill the first seven requirements of 
an ideal plant, is only suitable for temporary storage of steam 
sizes. Only one size can be stored, the breakage is excessive 
in any event, and prohibitory with prepared sizes, no resereen- 
ing is possible, and the cost of operation, not including waste, 
approximates from 20 to 25 cents per ton handled. 

VOL. XLII. — 20 
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(6) Trestle-Storage . — A method of storage, Fig. 1, now in 
general use in retail yards, and also attempted on a larger scale, 
comprises the construction of a trestle of the height of the pro- 
posed top of the pile, over which the loaded cars are dumped, 
forming a long pile of usually only moderate height, sizes 
being separated by partitions. Reloading is accomplished usu- 
ally by hand. 

Such storage violates almost every principle of the art, is 
small in capacity for the cost, expensive in operation, high in 
breakage from the necessarily considerable drop from the tres- 
tle, resereening can only be done by hand, and is generally 
costly and inefficient; it does, however, permit the storage of 
various sizes. Its use should be confined to small retail yards. 



Fia. 1 . — Stobage pbom TiiESTiiE, with ob without Pabtition into Bins. 
Bbloading Usually by Hand. 


and then is only apparently warranted by a lack of the capital 
required to install better facilities. 

(c) TresUe-and-lmnel Storage . — A more efficient type of 
trestle-storage unites with the trestle-stocking the provision of 
a tunnel under the tr,estle for reloading. Fig. 2. The coal is 
fed into cars in this tunnel through gates, and the cars may be 
either regular railroad equipment or narrow-gauge dump-cars 
used for transport to proper screens for final reloading. 

Storage-plants of this type comply with the first and partly 
with the second requirement of an ideal plant. The breakage 
is excessive, including not only that incident to the trestle- 
storage, but to drawing at least a portion of the coal from the 
center of the pile under pressure. Except with the use of sepa- 
rate screening-plant, no rescreening is possible; and further. 
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less than 60 per cent, of the coal is tributary to the tunnel by 
gravity, and the two outlying w^edge-shaped piles must be trans- 
ported to the tunnel by hand, or better, by the use of dock- 
scrapers, which are also occasionally used for extending the 
storage beyond the gravity-range of the trestle. 

A modification of this type is made by installing a conveyor 
of the belt or scraper type (preferably the former) in the tun- 
nel, which, while it does not reduce the breakage, does reduce 
the necessary size of the tunnel, and correspondingly the first- 
cost of the plant. 

(d) Bm-Stocking (Fig. 3). — This is the earliest type of suc- 
cessful storage-plant worthy of the name, and several extensive 



Fig. 2. — Storage from Trestle, with or without Partition xnto Bins. 
Reloading by Gravity and by Hand into Cars or Conveyors^ in 
Tunnel, which may be Entirely Underground or Built as a Part 
of the Trestle. 

plants of this type are still in active service. In general, the 
construction consists of wooden bins traversed by railroad- 
tracks, from which the various sizes and types of coal are 
dumped, each in its appropriate bin. Reloading is usually ac- 
complished by cars passing under the bins, either on the surface 
or more frequently in tunnels. 

To reduce the danger from fire, the movement of the reload- 
ing-cars is usually by gravity or by rope-haulage. The indi- 
vidual bins are necessarily limited in capacity to from 60 to 100 
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tons each, and an extensive plant covers a very large area. One 
such plant at the seaboard has 384 bins, reloading into cars 
in nine tunnels, and covers approximately 9 acres. Such a 
plant costs in excess of $3 per ton of capacity to erect, requires 
an enormous amount of timber, with resulting large fire-hazard 
and high maintenance-charges, and the operating-expense ap- 
proaches 10 cents per ton. 

A great advantage is the practicability of storing many sizes 
and kinds of coal, and keeping separate many small consign- 
ments. 

This type also includes the majority of the transfer-piers both 
at the seaboard and on the G-reat Lakes, where bins of consid- 
erable capacity and large in number are used as temporary 



Fig, s, Bin-and-Tunnel Type of Storage. Stocking peom Eaii-boad- 

riAHQ ON Top of Bins. Ebloading by Gbavixy into Oaks or Convey- 
ors IN Tunneie. 

storage to admit of the rapid loading of vessels without the 
delays incident to transfer direct from the cars. 

The breakage in this type of plant is very serious, caused 
not only by the necessary drop into the pockets. Fig. 4, but by 
the drawing under pressure into ears for reshipment; rescreen- 
ing is impracticable at the plant itself, except on shipping-piers, 
where imperfect stationary screens are usually installed, and 
can only be done elsewhere, involving farther handling and 
breakage. Some teats as to the losses involved are available, 
but these were made with but a few cars in each case, so that 
the pockets were in no instance filled, and the loss in breakage 
from the drop does not represent average conditions. 
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Loss in Undersize in Passing Through Storage-Bins. 


Size of Coal. 

Breakage Into Smaller 
Prepared Sizes 

Breakage 

Into Small Sizes. 

Total Breakage. 


Per Cent. 

Per Cent. 

•Per Cent. 

Broken 

19.57 

6.60 

26.17 

Egg 

10.18 

8.60 

18.68 

Stove 

4.92 

8.14 

13.06 

' 


7.65 

7. 65 

Pea 


10.83 

10.83 

Buckwheat 


4.06 

406 


Even taking half the above-named figures, which -would be 
most conservative, and assuming perfect rescreening, the loss 
at seaboard on 1,000,000 tons of prepared and pea-coal in about 
the usual proportions, would amount to |545,000, or 


Size. 

Original. 

Final. 

Quantity. 

Price 1 
Per 
i Ton. 

Total Value. 

$617,000 

1,126,000 

976,000 

1,000,000 

812,600 

Quantity, 

Price 

Per 

Ton. 

Total Value. 

Broken 

Egg. 

Stove 

Nut 

Pea 

Buckwheat 

Rice 1 

Barley ... i 

Tons 

130.000 

225.000 

196.000 1 

200.000 
250,000 

i 

_ i 

$4,76 

5.00 

5.00 

5.00 

3.26 

2.60 

1.76 

Tons. 

96,040 

191,770 

192,410 

215,040 

248,630 

36,516 

20,596 

$4.75 

5.00 

5.00 

5.00 

3.26 

2.60 

1.76 

$456,190.00 

968.850.00 

962.050.00 
1,075,200.00 

808,047.60 

88,787.50 

36,041.25 


1,000,000 


$4,630,000 

1,000,000 


$3,986,166.25 


The loss in breakage, from this calculation, is 54.5 cents per 
ton, in addition to the cost of storage. 

Of course, in practice, perfect rescreening after storage is not 
practicable, but a very large amount of rescreening is neces- 
sary, invoMng great losses, which usually fall on the transporta- 
tion companies, and form one of the items included in their 
freight-rates. 

Many attempts have been made to reduce the breakage 
involved in handling through pockets, and this is often minim- 
ized by the use of shallow pockets, with resultant loss of storage ; 
counter-chutes, spirals, and shelf-chutes in the deeper pockets, 
and the use of feeding-shafts, shown in Eig. 3, which, when 
properly maintained and intelligently used, keeping them 
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fall, feeding in at the top as the coal is discharged from the 
hottom, certainly greatly reduce the losses by dropping- 

While rescreening is generally more or less thoroughly at- 
tended to separately in this type of storage-plant, re-preparation 
of the screenings is rarely attempted; the unsized screenings 
are usually sold under the name of “ pea and dust,” at a price 
approximating that of buckwheat-coal. 

(e) Cable-Railroad Storage.— A modification of the bin-and- 
tutinel type involves the use of cable- or gravity-return cars, 
running out on trestles over bins or surface-storage, and dump- 
ing their contents at the desired points. This type is used at 
many retail yards and at transfer-points, especially where water- 
borne coal is transferred to yards or cars. The plant is 
moderate in first-cost, economical in operation, but high in 
breakage; does not permit rescreening except as a separate 
operation, and being of timber is subject to destructive fires. It 
does, however, lend itself readily to covering for weather pro- 
tection. 

(/) miside-Storage.— At first thought one is inclined to agree 
with the remark credited to a former president of the Phila- 
delphia & Beading railroad, that there was no need for 
mechanical storage in a country full of hills just made to store 
coal on.’’ Unfortunately, while the anthracite country is full 
of hills, but very few are even remotely suited for storage- 
purposes. 

The features desirable in a hillside-storage are : 

1. A side-slope at least 300 ft. wide by 1,000 ft. long, or more, 
with a fairly-true surface, and having a pitch between 25® 
and 30®. 

2. That the foot shall change abruptly from this slope to a 
level surface for the tracks. Most hills end in a vertical curve, 
changing very gradually from the hillside-pitch to level ground, 
and involving serious earth-work for tracks. 

3. That the surrounding country shall admit of a track to the 
top of the storage-hill and down again, with reasonable grades, 
and at moderate expense. 

4. Space at the bottom of the hill for reshipping-tracks and 
yards. 

5. A location reasonably suitable for a storage-plant. 

I have tramped many weary days looking for just such hills, 
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full, feeding in at the top as the coal is discharged from the 
bottom, certainly greatly reduce the losses by dropping. 

While rescreening is generally more or less thoroughly at- 
tended to separately in this type of storage-plant, re-preparation 
of the screenings is rarely attempted; the unsized screenings 
are usually sold under the name of “ pea and dust, ^ at a price 
approximating that of buckwheat-coal. 

(e) Cable-Railroad Storage.— A modification of the bin-and- 
tunnel type involves the use of cable- or gravity-return cars, 
running out on trestles over bins or surface-storage, and dump- 
ing their contents at the desired points. This type is used at 
many retail yards and at transfer-points, especially where water- 
borne coal is transferred to yards or cars. The plant is 
moderate in first-cost, economical in operation, but high in 
breakage; does not permit rescreening except as a separate 
operation, and being of timber is subject to destructive fires. It 
does, however, lend itself readily to covering for weather pro- 
tection. 

(/) Hillside-Storage.— Ai first thought one is inclined to agree 
with the remark credited to a former president of the Phila- 
delphia & Reading railroad, that there was no need for 
mechanical storage in a country full of hills just made to store 
coal on.’^ Unfortunately, while the anthracite country is full 
of hills, but very few are even remotely suited for storage- 
purposes. 

The features desirable in a hillside-storage are : 

1. A side-slope at least 800 ft. wide by 1,000 ft. long, or more, 
with a fairly-true surface, and having a pitch between 25® 
and 80®. 

2. That the foot shall change abruptly from this slope to a 
level surface for the tracks. Most hills end in a vertical curve, 
changing very gradually from the hillside-pitch to level ground, 
and involving serious earth-work for tracks. 

3. That the surrounding country shall admit of a track to the 
top of the storage-hill and down again, with reasonable grades, 
and at moderate expense. 

4. Space at the bottom of the hill for reshipping-tracks and 
yards. 

5. A location reasonably suitable for a storage-plant. 

I have tramped many weary days looking for just such hills, 




Fig. 5. — Hillside Storage-Plant. Reloading. Showing Partition, and 
Hydbaxjlic Handling to End of Conyeyob which Delivers the 
Coal into a Cboss-Conyeyor to Sc keen- House. 



Fig. 7. — Tbayeling Caxtilever-Trimmer, Hudsondaee Storage-Peant. Showing Face of Trestee And Buekhead. 
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Fig. 8. — Concrete !Ret aiming- Wale Loamng-Chutes. Hubsondale Storage-Plant. 
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Fig. 9.^ — Concrete ]b''EOORj with Corrugations Against Bet aining- Ware at Bottom. Hudsondaee vSTORAGE-PLANTf 
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and have yet to find the first one filling even approximately all 
the requirements. Where the surface was good there was usu- 
ally no practicable means of approach, and where the pitch was 
suitable the line of face was impossibly irregular. 

Given a not impracticable hill, a plant consists essentially of 
one or more dumping-tracks at the top, which in the older 
forms of plant, Fig. 5, are necessarily on rather high trestles, 
as it is self evident that no appreciable capacity could be 
obtained by dumping directly on the surface of the hillside, 
unless the slope was so steep as to make possible a pile thick 
at the bottom and tapering to nothing at the top, which would 
involve too great a drop and resulting breakage. 

The coal is dropped from those trestles (the fall being broken 
as much as possible by chutes) and spreads down the hillside 
until arrested by walls, barriers, or by a level space at the bot- 
tom. It is evident that but little coal can be reloaded directly 
by gravity except the layer which may be held by a retaining- 
wall at the bottom, so it is usual to reload by hand, or better, by 
the use of dock-scrapers or swinging-conveyors along the level 
space at the bottom of the plant. 

In one large plant almost all the coal is put into a conveyor 
at the foot of the hill and scraped to a central screen-house, 
where it is thoroughly rescroened and all the sizes recovered. 
In other cases reloading is done over fixed or shaking-screens 
placed at intervals above the tracks, and the screenings from 
these are taken by cars or conveyors to a small screen-house 
for separation. 

In many cases the difiiculty of handling at the foot of the hill 
is solved by the use of hydraulicking-water, best heated in win- 
ter, which is used under considerable pressure to carry the coal 
to the conveyors or cars for reloading. Fig, 5. This solves the 
problem of frozen coal as far as the storage-plant is concerned; 
but arrangements must be made for the disposal of the water, 
and in winter shipments the coal reaches its destination frozen 
to practically a solid block in the car, to the joy of the hand- 
lers at terminal points. 

Where various sizes are stored it is necessary to provide par- 
titions between the sections. These usually take the form of 
fences of heavy planking supported by large vertical posts, and 
braced by a forest of props, as shown in Fig. 5. The downward 
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motion of the coal has a strong tendency to dislodge these sup- 
ports, with resultant heavy maintenance-cost. Moreover, to 
avoid admixture of dirt with the coal, it has been found neces- 
sary to protect the entire hillside, either by paving, planking, 
or concrete. This is particularly necessary where water is 
used in reloading. 

The cost of installing a hillside storage-plant of this type is 
about $1.60 per ton of capacity complete, including railroads, 
trestles, partitions, water-supply, conveyors, screen-house, and 
planking. With concreted or paved hillside the cost would 
probably be a little higher. 

The operating-cost, exclusive of fixed charges and deteriora- 
tion of coal, but including labor, repairs, power, and shifting 
cars, will approximate 10 cents per ton for the coal passed 
through storage, dependent, as in all cases of storage-operating 
cost, on the activity of the plant. 

The breakage of coal is somewhat large; the best figures 
obtainable for a plant of this type show the amount screened 
out of each size in reshipment, not the actual breakage deter- 
mined by careful tests, as follows : 


j 

Size of Coal. 

1 

1 

Breakage to 
Smaller Pre- 
pared Sizes 

Breakage to 
Small Sizes. 

Total Screened 
Out and 
Recovered. 

1 

Estimated 
Loss in Dirt. 

Total 

Breakage 


Per Cent. 

Per Cent. 

Per Cent 

Per Cent. 

Per Cent. 

Egg 

21.5 

2.3 

23.8 

2 

25.8 

Stove 

i 8.8 

2.7 

11.5 1 

2 

1 3. 5 

Nut 


1,3.6 

13.6 ! 

2 

15.6 ’ 

Pea 


12.5 

12.5 

1.5 I 

14.0 


The column “Estimated Loss in Dirt’’ is the fine dirt car- 
ried from the piles and from the screen-house by the water 
used in handling and preparation. At the plant in question, 
this dirt has been filtered out and forms a considerable waste- 
bank. 

The above-mentioned figures were obtained from the regular 
operation of the plant, not from cleaned-up piles, and it is 
probable that an additional breakage will appear when the 
coal immediately under the trestle and at the bottom of the 
hill on the inside of the piles is cleaned up. 

From the above it appears that the non-mechanical plants, 
types a to /, are, generally expensive, both to erect and to 
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operate, do not generally lend themselves to the necessary 
screening, and involve a serious breakage of coal. On the 
other hand, they are suitable to small quantities of storage, lend 
themselves to separation of sizes and qualities, and are in gen- 
eral suitable rather to retail yards or the smaller type of whole- 
sale piers than to extensive storage. 

The line between the non-meehanieal and the mechanical 
types is hard to draw, so many plants being combinations of 
both types. I have taken as mechanical storage all plants using 
machinery in storing coal, and as non-mechanical those storing 
by dumping, without regard to the occasional incidental use 
of machinery for reloading in some of the non-mechanical 
plants above described. 

2. 3Iechanicat Storage- Pianist, 

(g) Hillside with Mechanical Stocking , — The most notable plant 
of this type was constructed during 1905-6, for the Lehigh 
Valley Coal Co., at Hudsondale, Carbon county. Pa., under 
my supervision. 

Owing to the high breakage-loss in prepared sizes in hill- 
side storage, it was considered inadvisable to use this type for 
prepared coal, and the plant was designed and is operated ex- 
clusively for the storage of small sizes. 

The situation, on the Quakake branch of the Lehigh 
Valley railroad, is on the line of haulage from the Schuylkill 
district to tide-water, within a couple of miles of the junction of 
the Lehigh branch, and only about 10 miles back from the main 
line of the Lehigh Valley railroad, a satisfactory point for 
tide-water deliveries, far enough from the mines to avoid inter- 
terence, and yet minimizing the capital locked up in freight- 
charges on stored coal. 

The hillside selected was fairly straight and true in grade, 
but required heavy earth-work for the reloading-tracks, and 
the stocking-track at the head of the hill was inaccessible at 
reasonable grades without prohibitory cost, and is reached by 
an engine plane. 

The i>lant, Pig. 6, differs from all previous hillside plants in 
many particulars. Owing to the configuration of the ground 
the loaded cars are hoisted up a plane 600 ft. long on a 30-per 
cent, grade, by a pair of 18- by 30-in. hoisting-engines, double 
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geared 16 to 1 to a 10-ft. drum. The ears are pushed up by a 
steel barney, which returns into a pit at the foot of the plane. 
From the head of the plane the cars run over a double-track 



brestle, shown in Fig. 6, just high enough to permit dumping 
the coal into a traveling-cantilever trimmer, Fig. 7, by which 
:t is elevated and discharged on to the concrete-floored hillside. 
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making a pile more than 55 ft. deep at its maximum, tailing 
down against a concrete retaining-wall extending 7 ft. above 
the storage-floor. This wall, Fig. 8, has a total height of 24 ft. 
above the reloading-tracks, and is provided with openings on 
20-ft. centers discharging the coal over screens directly into 
railroad-cars for shipment. The screenings are washed in a 
trough to a small screen-house at the lower end of the plant, 
where they are rescreened for shipment. As but a small por- 
tion of the coal is accessible by gravity, the main reloading is 
done by the use of water pumped from a nearby creek to a 
storage-tank on the hill above the plant, and used with hose- 
streams to wash the coal to the gates and over the screens. 

Railroad-cars are handled by gravity on both reloading- 
and stocking-tracks, and the empty cars from the latter are 
lowered on a plane, operated by a drum with powerful air- 
brakes, to the level of the railroad. 

Except the hoisting-engines for the loaded-car plane, the 
entire plant is electrically operated and lighted from a station 
included in the equipment. 

The entire cost including all charges approximated $1.50 
per ton of capacity, and when in active operation the handling- 
cost has reached the record figure of 1.25 cents per ton 
handled through the plant. 

The many unique features of this plant, which is considered 
an advance on all previous plants of this type, merit further 
detailed description. 

The two tracks on the dumping-trestles. Fig. 6, are at dif- 
ferent elevations, to minimize the drop at this point, and the 
chutes under these form a shallow pocket controlled by nu- 
merous gates. This pocket, w'hile not of a depth to increase 
the drop from the hoppers of the cars, has suflicient capacity 
to give the trimmer a continuous supply, regardless of the 
variations in discharge in unloading and moving the cars. 

The cantilever trimmer, the invention of S. D. Warriner, 
Vice-President and General Manager of the Lehigh Valley 
Coal Co., shown in Figs. 6, 7, 8, and 9, was designed and 
built by the Link Belt Co., of Philadelphia. It consists of a 
platform traveling parallel to the dumping-trestle on a^l6-ft.- 
gauge track and carrying a cantilever-truss equipped with a 
scraper-conveyor. The bottom of the conveyor-trough is mov- 
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able, so that the point of discharge can be at any desired place. 
To increase the capacity of the plant and avoid stored coal flow- 
ing back on to the trimmer- tracks, a bulkhead anchored to a re- 
taining-band in the coal, Figs. 7, 8, and 9, separates the trimmer- 
track from the storage-floor. Except the drop from the cars to 
the chutes immediately below and just clearing the hoppers, the 
only other drop involved in storing coal is in making the first 
small pile behind the bulkhead. After this reaches the line of 
trimmer the pile is built by moving the discharge outward, and 
the coal from the end of the trimmer reaches the growing pile 
without appreciable drop, and extends the pile by avalanching, 
as previously described. 

The storage-floor averages 260 by 1,000 ft. on the hillside. 
This was first trued to squares 26 ft. on a side, so designed as 
to give the best slopes without re-entrant angles attainable 
without too serious grading. The floor thus prepared was 
covered with from 2 to 3 ft. of cinders, placed by the use of 
a temporary traveling cable-way, and then with 6 in. of cin- 
der-concrete with a wearing surface of 1 in. of cement and 
sand. The entire preparation of the floor cost a little less than 
26 cents per square foot, of which nearly 14 cents was for the 
concrete. The lowest 30 ft. of the floor is on a much flatter 
grade than the rest, and with a view to a better conduction of 
the water and coal over this section the floor is made with 20- 
ft. corrugations, the bottom of each leading to a gate, Fig. 9. 
Experience has proved the advantage of this arrangement, and 
further, that it would have been very advantageous to carry 
these corrugations the entire width of the floor, as considerable 
difficulty is encountered in washing down the fine coal by 
reason of the spreading of the water. In many cases in reload- 
ing coal temporary iron chutes are laid to prevent this spread. 

The retaining-wall, Pig. 8, was built of concrete reinforced with 
old wire rope, with an aggregate of crushed mine-refuse; this, by 
reason of its character, has somewhat deteriorated the concrete, 
and the wall, while designed amply against overturning, and 
anchored back by numerous tie-rods, has been forced forward 
to some extent in places, probably by the freezing of water in 
the fill behind it 

The problem of letting down the loaded cars was solved by 
the use of a second plane, single track, with a barney ahead of 
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the cars disappearing at the bottom into a pit. The controll- 
ing-drum lowers by means of a band-brake on an asbestos-lined 
brake-wheel, operated by a standard "Westinghouse air-brake 
equipment, supplied with air by an automatic electrically- 
driven air-pump. The barney is hoisted by a small motor, 
clutch-connected to a train of gearing operating the drum, and 
runaways are guarded against by a governor, which sets the 
brake in case a safe speed in lowering is exceeded. The brake 
is also arranged for hand-operation in emergency. 

Different sizes when stored are either separated by tempo- 
rary bulkheads of the type shown in Fig. 21, or the edges of 
the piles are allowed to mix, the sizes being separated by the 
shipping-screens. 

As this plant is used (and is suitable) only for the small 
sizes of coal, the question of breakage is not of supreme im- 
portance, and no accurate figures are available as to its amount. 
From observation, I would consider it small, probably not much 
exceeding that in a standard Dodge plant. 

(A) Traveling or Faed Iramway Storage . — The tramway type 
of storage, stocking and reloading by traveling-buckets, while 
in very general use for ore-storage, has been but little used for 
stocking anthracite on an extensive scale, largely on account 
of excessive breakage, the impracticability of rescreening 
before reshipment, and small handling-capacity. 

The largest plant of this type for anthracite storage was built 
for Coxe Bros. & Co., at Roan Junction, Pa., with a capacity of 

100.000 tons in’ a continuous pile, since increased to more than 

160.000 tons. 

This plant, Fig. 10, consists essentially of a traveling-truss, 
225 ft. span, with 100 ft. cantilever-extension and 40 ft. back- 
projection, built by the Brown Hoisting Machinery Go. The 
truss is 66 ft. high above the rail at the traveler, and the bottom 
member has an elevation of 40 ft above the storage-ground. 
The truss is supported by a tower, spanning the reloading- 
tracks and containing the engines and boiler for operation. 
The outboard end, supported by an A-frame, travels on a single 
rail, outside of which the stocking-track is elevated to such a 
height that cars can be dumped into small hoppers, 60-ft. cen- 
ters, Fig. 11, from which the coal is drawn into 5-ton buckets, 
supported on a traversing-truck. One bucket is hoisted, carried 
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along the truss, lowered, and dumped on the stock-pile while 
its companion is being filled j these buckets dump automatically 
only when resting on the stock-pile. 

The area covered by the stock is 200 ft. wide between the 
stocking- and reloading-tracks, and 100 ft. beyond the latter, 
the center of this area being reached by the cantilever-exten- 
sion. The storage-area, originally 1,200 ft. long, has now been 
extended to 1,650 feet. 

Reloading is accomplished by the use of a 3-ton “ shovel- 
bucket,” Fig. 12, which is filled by pulling it over the surface 
of the coal, and dumped by hand into cars at the reloading- 
tower. 

Attempts have been made to resoreen the coal in shipment 
by the use of a traveling screening-pocket attached to the 
tower, but with such little success that rescreening at this 
point has been abandoned. 

While a large storage at low cost per ton is attained, the 
handling-capacity of the plant is small, the average rate of 
stocking is but 83 and of reloading 70 tons per hour, woefully 
insufliieient for a plant of this capacity. This condition could, 
of course, be remedied by the use of several trusses, which, 
however, would greatly increase the cost of installation. 

The breakage, particularly in reloading, is heavy, and on 
this account the plant is chiefly used for the smaller sizes. 
The original cost of construction is said to have been but 
160,000, or 60 cents per ton of rated capacity. The present 
cost would be at least 50 per cent, greater. The cost of oper- 
ation averages slightly over 5.5 cents per ton for stocking and 
about the same amount for reloading on a total exceeding 
150,000 tons handled, including all labor, repairs, and train- 
service, but not interest-charges or depreciation of plant. 

An interesting plant of this type is situated at Fall River, 
Mass., Fig. 13, where I met the problem of unloading coal 
from barges, transferring it either to railroad-cars, stock-yard, 
or retail-pockets, and reloading from the stoek-yard to either 
pockets or cars. 

The present plant replaced one consisting of hoists, which 
dumped into transfer-barrows, thence, by a weighing-hopper, 
into cable-ears on a trestle surrounding the plant, finally 
dumping into the storage-yard or into the pockets. Trans- 
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Fig. 14. — Traveling- Tbamway Stobage- and Handling-Plant, Fald 
Eiver, Mass. Showing Pockets and Old Plant in the Background- 
in Process of DemolitioxN. 


Fig. 16.“Original Type of Dodge Plant, Pennsylvania Bailroad, South 
Amboy, N. J. With Mast and Boom Supporting Trimming-Conveyor. 
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Fig. 17, — Standard Dodge Plant, Hauto, Pa. Showing Trusses, Redoading^Towers, and Swinging-Reloader. 



Fig. 18. — Beloader Working on Pile of Coal, Hauto, Pa. 


Fig. 19. — Eeloading-Tower and Shaking-Screens, Abrams Plant, 

P. & R. C. & L Co. 
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shipment to the railroad was accomplished by separate pockets, 
and any reloading from stock was done by hand. The origi- 
nal plant lost about 7 per cent, in breakage screened out, and 
cost 18 cents per ton for handling. But the 7 per cent, by no 
means covered the entire breakage, as only inefficient screen- 
ing was done, and merely fine dirt removed. 

The new plant consists, Fig. 14, of a traveling-tramway, 
with cantilever-extension over the pockets and hinged-bridge 




Fig. 13 .— -Tbaveling-Tbamway Storage- and Handling-Plant, Staples 
Coal Co., Fall Eiver, Mass. Plan and Elevation. 

extension to extend over the barges. The tramway, built by 
the Dodge Coal Storage Co., is hung from its supports by a 
number of thin eye-bars, giving flexibility sufficient to permit 
of swinging 11.5^ either side of the center-line, allowing a 
variation of 50 ft. each way over the pockets, which is neces- 
sary to permit of the selection of pockets for various sizes of 
coal. 

Unloading, both from the barges and from stock, is done by 
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means of a 2-ton clam-shell bucket, in which coal is carried to 
the desired point, lowered, and let out either on the storage- 
pile or in the pockets, which are large enough to receiye it. 
Trans-shipment from water or stock to the railroad is accom- 
plished by the same bucket, discharging into a steel hopper, in 
the tramway-tower, and thence, by gates, to the cars below. 

The plant handles both anthracite and bituminous coal, as 
may be required, and in reloading from stock the tramway is 
assisted by a locomotive-crane with clam-shell bucket of 0.5-ton 
capacity. 

The cost of operation in the plant has been reduced to about 
one-third of its previous cost. The total cost of the plant was 
about 150,000, and the saving by its use exceeded 10 cents 
per ton on 150,000 tons handled per year, besides reducing 
the screenings from 7 to less than 4 per cent. 

The guaranteed speed of operation is 100 tons per hour, 
which rate in practice has been nearly doubled in emergency. 

In general, the tramway system, within its limitations, is 
probably the lowest in first-cost of all the storage-systems, 
while the operating-cost is between that of the non-mechanical 
and the large mechanically-operated plants. The principal 
advantages of this type are low first-cost, flexibility, moderate 
labor-cost and repairs; the disadvantages, large space occupied 
by reason of relatively low piles, danger from wind, excessive 
breakage, unless very carefully handled (from the tendency of 
the operators to dump the buckets without lowering to the 
stock-pile), and lack of facilities for rescreening in loading out 
from stock. 

(i) Dodge 8torag6-Sgstmb.—Th& Dodge system with its modi- 
fications is used for anthracite storage probably more exten- 
sively than all others combined. This system, invented by 
James Mapes Dodge, of Philadelphia, fills more nearly than 
any other the conditions of an ideal plant. In its standard 
form, Pig. 16, anthracite is stored in conical piles by means of a 
trimmer-truss carrying a flight-conveyor, with a movable 
bottom, which discharges at the apex of the growing conical 
pile, and reloading is accomplished by a horizontal swinging- 
truss, placed between two conical piles, carrying on its edge a 
flight-conveyor. This conveyor takes the coal from the edge 
of the conical pile, draws it to a central point, and by a change 
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in direction carries the coal up an incline to a tower, in which 
it is thoroughly screened on its way to the car. 

The earliest large plant of this type was built for the Penn- 
sylvania Railroad Co., at South Amboy, K J., in 1889, with a 
capacity of 100,000 tons. In this crude plant, Fig. 16, the upper 
end of the trimming-conveyor was supported by a boom project- 
ing from a wooden mast erected back of the center of the pile, 
and the reloader was traversed by hand and delivered into a 
pit, whence the coal was elevated for shipment, no rescreening 
being attempted. 




In the modern plants of this type, Fig. 15, the trimming- 
conveyor is supported by a light hinged arch-truss. Pig. 17, of 
span suited to the size of the pile, with a pitch equal to the 
angle of repose of the coal, carrying in its bottom member the 
trough-and-chain conveyor, which returns over the top. The 
bottom of the trough is a single movable strip of sheet steel 
wound on a drum at the foot of the truss and palled by power 
up the truss, advancing as the pile grows, leaving an open 
bottom above the point of discharge, thus minimizing the 
breakage at this point, as the coal is merely shoved out on to 
the point of the conical pile and builds the pile by avalanching 
rather than by rolling. The thrust of the arch-truss is taken 

VOIi. XLII. — 21 



344 


THE STOBAGE OF ANTHRACITE COAL. 


up by tie-rods extending under the storage-floor, and wind- 
pressure is provided for by guy-ropes extending above the sur- 
face of the coal to anchorages outside the piles. The trim- 
ming-conveyor extends from the foot of the truss on a catenary 
curve to an extension under the dumping-tracks, where hoppers 
are provided, feeding the conveyor to capacity by adjustable 
gates. 

Two trimming-trusses with respective track-hoppers and a 
central reloader form a unit of construction. 

The reloader. Figs, 17 and 18, is pivoted between the two 
piles, and swings on curved supporting-tracks, just clearing the 
outer ends of the trusses, and covers both floors, leaving only a 
small crescent-shaped pile outside its reach on each floor. 
These piles are handled either by hand or by dock-scrapers to 
within reach of the end of the reloader. The reloader-truss, 
carrying the moving conveyor on its faces, is fed by power 
against the bottom of the pile, being operated from a station 
on the pivot, from which a full view of the operation is assured. 
As the piles cone down by avalanching, and not by continuous 
rolling, it is often necessary to back out the reloader in a hurry 
to avoid having it buried. The movement is accomplished by 
wire cables which lie along one of the circular tracks under 
the coal, and the ends of which coil on reversing-drums in 
the engine-house, controlled by clutches from the operator’s 
platform. 

At the pivot-end of the reloader the chain carrying the con- 
veyor-flights is deflected up an incline to the reloadiiig-tower, 
Fig. 19. In the case of the largest piles, the strain from this 
extension has proved too great for the Dodge chain necessarily 
employed in making this turn, and separate conveyors are in- 
stalled on the reloader and tower. The reloader-conveyor in 
this case transfers to the tower-conveyor. 

The reloading-tower contains shaking-screens of ample capa- 
city to rescreen the coal fully, and after passing over these the 
coal goes by a chute to the cars for reshipment.. These load- 
ing-chutes are long and originally caused considerable break- 
age, but the later ones are covered and provided with an end- 
gate, by means of which the chutes can be kept full and the 
coal poured from the end without the velocity which would bo 
acquired in a free slide for the length of the chute. 
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The screenings are collected in hoppers in the towers, and in 
modern plants they are taken to a separate screen-house for re- 
preparation into marketable sizes, either by long conveyors or 
by cars, with rope- or locomotive-haulage. 

Power is provided for the operation of each unit from en- 
gines or motors in a house adjoining the reloading-tower. The 
trimmer-conveyors, while occasionally driven by motors at the 
top of the trusses, are usually operated by rope-drives from the 
engine-house to the head-sheaves on the trusses, with the object 
of minimizing the weight on the truss. 

It is evident that but one size and kind of coal should be 
stored in any one pile, and this limitation, involving the in- 
stallation of numerous piles, is the most serious objection to 
the system. 

The approximate cost of the machinery and trusses, per ton 
of capacity, varies greatly with the size of unit-piles. 


Approriniate Cost of Dodge Anthracite Storage Groujps, 


Capacity 

Units. 

Diameter. i 

Height. 

Cost Installed . 

Cost Per Ton. 

Tons. 


Feet 

Feet. 



120,000 

2 - 60,000 

333 ' 

85 

$ 79,500 

$ 0.6625 

100,000 

2 - 50,000 

313 . 

80 

72,000 

0.72 

80,000 

2 - 40,000 

293 ! 

74 

65,000 

0.8125 

60,000 

2 - 30,000 

263 i 

67 

59,800 

0.995 

60,000 

2 - 26,000 

248 

63 

53,900 

1.08 

40,000 i 

2 - 20,000 I 

230 i 

58 | 

60,600 

1.265 

30,000 

2 - 15,000 

208 1 

53 

46,200 

1.54 


To this amount must be added the cost of foundations, track- 
hopper pits, preparation of floors, central power-plant (steam or 
electricity) and power-distribution, drainage, screen-house for 
screenings, and railroad-tracks, scales, and yards. 

The most modern plants have been built of great capacity, 
with large unit-piles of from 50,000 to 60,000 tons capacity, 
with the result of reducing the first-cost of a complete plant from 
|1.50 per ton of capacity for a 300,000-ton plant, with 25,000- 
ton units, to $1.06 per ton for a 480,000-ton plant, with 60,000- 
ton units. 

Depending upon the size of units, the handling-capacity 
varies from 50 to 150 tons per hour for stocking or reloading, 
which speed is attained easily in actual work, including the 
time lost in spotting and opening the hopper-bottom steel cars. 
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Owing to the thorough rescreening in use, the breakage in 
handling by this type of plant is quite accurately known. In 
the operation of a typical modern plant the following breakage- 
calculation from cleaned-up piles has been recorded. 


Amount Screened Out as Smaller Sizes. 


Size Stocked 

stove. 

Nut. 

Pea 

Buckwheat 

i Eiee, 
Barley and 
Dirt. 

Egg 

Stove 

Per Cent. 
8.9 

Per Cent. 

2.4 1 

1 3.9 ' 

1 

Per Cent. 
0.58 
0.93 

1 40 

Per Cent. 
0.50 
0.65 
1.10 
1.01 



Per Cent. 

1 82 
0.37 

0 36 
0.37 
0.56 

, 



, ^ , 

Buckwheat 







I think that this fairly represents the breakage, as the coal 
xeceived contained some undersize, apparently in about the 
same quantities and proportions as that shipped. 

This loss, figured on 1,000,000 tons of assumed quantities of 
each size passing through storage, is : 


Size 

Original 

Quantity 

Price 

Per 

Ton. 

Original 

V^ue 

Quantity 

Shipped 

Price 

Per 

Ton. 

Value 

Egg. 

Stove 

Nut 

Tons 

850.000 

200.000 
200,000 
250,000 

$6.00 

5.00 

6.00 
3.25 

$1,750,000 

1,000,000 

1,000,000 

812,600 

Tons 

300,300 

219,450 

210,480 

253,240 

7,775 

8,755 

$5.00 

5.00 

1 5.00 

I 3.25 

1 2,50 

1.75 

$1,501,600.00 

1.097.250.00 

1.052.400.00 
823,030.00 

19,437.50 

15,321.25 

Pea 

Buckwheat 

Bice 1 

Barlej.... J 








1,000,000 


$4,562,500 

1,000,000 


$4,508,938.75 





Loss, $53,561.25 ; or 6.36 cents per ton. 


The cost of operation, fairly averaged at 5 cents per ton 
handled each way, is extremely variable, dependent upon the 
activity of the plant. For a large tonnage it has been as low 
as 2.4 cents per ton, and for three consecutive months it aver- 
aged 4.6 cents per ton, including all labor, repairs, and supplies, 
but not interest, taxes, or depreciation, with occasional jumps 
to 36 cents or 40 cents per ton during inactive times when but 
little coal was handled and the fixed charges for attendance 
dominated the cost. 

An essential feature of this type of plant is ample railroad- 
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trackage. Two tracks for dumping and reloading, one service- 
track, and one track for screenings, with ample cross-overs, are 
none too much for a single line of piles. Owing to the large 
handling-capacity of each unit, and the necessary number of 
units to provide for the various sizes and kinds of coal, the 
total handling-capacity of the plant is enormous, and for busy 
times it does not seem that too much trackage can be pro- 
vided. The tracks through the plant operate by gravity best 
on a 1.25-per cent, grade through the yard, stiffened to 1.5 per 
cent, over the dumping-hoppers and in front of the reloading- 
towers, and reduced to 1 per cent, in the loaded classification- 
yard, which is required below the plant. A plant of 600,000 
tons capacity will be nearly 1.5 miles long, and will contain in 
the aggregate about 10 miles of tracks. Where the contour 
of the ground does not lend itself to gravity-handling of tha 
cars, a wire-rope haulage, with very slow speed of operation^ 
is usually installed for this purpose. 

The power required to operate a plant of this type was de- 
termined for a 60,000-ton unit, two 30,000-ton piles, at tha 
McClellan plant of the Susquehanna Coal Co., to be: 


I H-P. 

Engine and attached machinery, light, 15.5 

No. 1 trimmer-conveyor, empty, 37.0 

No. 1 trimmer-conveyor, loaded, 53.5 

No 2 trimmer-conveyor, empty, 36.7 

No. 2 trimmer-conveyor, loaded, 53.3 

Reloader-conveyor, empty, 38.7 


III the screen-house and on the towers, each shaking-screen, 
6 by 12 ft. in size, required 2.62 h-p. for operation. 

At the time when this test was made reloading was not in 
progress, so no test could be made on the reloader actually in 
service. 

The most recent plant of the standard Dodge type was 
erected in 1907-08, for the Lehigh Coal & Navigation Co., at 
Hauto, Pa. 

The detailed costs of this plant are available through the 
courtesy of W. A. Lathrop, President, and Baird Snyder, Jr., 
Q-eneral Superintendent of the company. 

The plant, Pig. 17, consists at present of four 30,000-ton and 
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two 60,000-toii piles, total capacity 240,000 tons, arranged in 
line on one side of tlie tracks, the other side being reserved for 
extensions. At the present time two more 60,000-ton piles are 
being erected, increasing the capacity to 360,000 tons, which 
should be available early in the summer. 

Special features of the plant are electrical driving from the 
central station of the Lehigh Coal & K'avigation Co., at Lans- 
ford. Each unit, two piles with pivoted reloader, is driven 
from its own power-house ; the transmission to the trimmers, 
reloader, and loading-tower of each is by rope-drives. Each 
loading-tower is equipped with a shaking-screen, 5 by 12 ft. 
screening-surface, provided with a full set of perforated plates 
for any size of coal. The screenings are washed in troughs to 
a very complete screen-house at the lower end of the plant. 
Sufficient grade for this washing is obtained by the use of two 
elevator-towers in the line of troughs, which by raising the 
screenings avoid undue elevation of the troughs. 

The screen-house is provided with breaking-down rolls and 
a full set of screens for separating the screenings into sizes, 
which are shipped directly from th4 screen-house pockets. 

The site selected is a favorable one for this type of storage. 
No excessive grading was required, and drainage is available, 
so that it is the practice to use water for reloading frozen coal, 
Fig. 20. 

As in all plants of this type, the capacity of the piles is rated 
on the assumption of strictly conical structure, built directly, 
by the trimming-conveyors, while in case of necessity the piles 
can be materially extended by the use of sheet-iron chutes from 
the head of the trimmer. In this plant such extension has 
been carried to the limit by the farther use of plank bulkheads 
between the piles. Fig. 21, so that a rated 30,000-ton pile of 
egg-coal actually contained 70,600 tons, more than 135 per 
cent, above its rated capacity. The bulkheads are built with a 
face of 2-in. plank, retained by cleats of plank extending into 
the body of the coal and held against spreading by the friction 
of the coal itself. 

The cost of the present 240,000-ton plant complete was 
$415,771.70, or $1,732 per ton of rated capacity, made up of 
items as follows ; 
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Fig. 20. — FIauto Plant. 30,000-Ton Rated Capacity Pile, which Con- 
tained 70,600 Tons Egg-Coal, in Peocess of Reloading, Showing 
Use of Water for Thawing Frozen Coal. 



Fig. 21.— Hauto Plant. Temporary Plank-Bulkhead for Retaining 
Piled Anthracite. 







Fig. 23. — Kai^som Plant. General View of Colonnade and Traveling -Trimmer. 
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Fig. 24. — Eansom Plant. SpecKiNG-TRESTLE, Showing Bins, Chdtes, and 
End of Tbaveling-Trimmeb. 





Fig. 25.— Ransom Plant. Traversing-Eeloadee, Showing Electrical 
Connection, and Hopper-Slot Plank and Covering of Longitudinal 
Tunnel. 



352 


THE STOEAGE OE ANTHBACITE COAL. 



Fig. 26. —Ransom Plant. Reloading-Towee, Sceeenings- 
Sepaeator, and Power-Plant. 


Fig. 27.— Smith Box-Car Reloader. Ransom Plant. 
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Per Ton of 
Rated Capacity 


Grading and masonry, . 

. ^94,996.49 

$0,395 — 

Railroads, .... 

. 32,656.84 

0 136 

Buildings, 

. 26,070.54 

0.108 H- 

Machinery, . 

215,766.73 

0.900 — 

Electric installation, 

. 15,829.81 

0.066 

Screen-house, 

. 28,415.37 

0.119 -{- 

Electric power-transmission, 

2,036.92 

0.008 


$415,771.70 

$1,732 

The two COjOOO-ton piles now under contract 

are estimated 

to cost |120,000, which will make the entire cost of the 360,- 
000-ton plant $586,000, or $1.49 per ton of rated capacity. 

The cost of operation for 

the first year only is available, 

amounting on 209,690 13/20 
$0.0442 per ton, as follows : 

tons handled to 

$9,263.69, or 


Amount. 

Cost Per Ton 

Superintendence, . 

. $584.62 

$0.00279 

Labor, . 

. 3,'" a, 48 

0 0169 

Supplies, . . 

1,536.39 

0.00732 

Repairs, 

80.68 

0.0003 

Electric power, 

. 1,133,07 

0.0054 

Cost, 

. $6,876.84 

$0.0328 

Tiansportation, 

. 2,380.75 

0.01143 

Total co&t, 

. . $9, 263. o9 

$0.0442 


Witli the excellent resereenhig facilities provided, coal is 
shipped in condition fnlly up to the standard of breaker-ship- 
ments, and the breakage due to storage was accurately deter- 
mined from the repreparation of the screenings, except that no 
size larger than chestnut was taken out in rescreening, leaving 
all stove-size in the egg as shipped. 

The degradation from cleaned-up piles has been as follows : 


Sizes Stocked. 

Nut. 

Pea. 

No.l 

Buckwheat. 

Rice. ^ 

1 - 

Barley and 
Dirt. 

Total Below 
Prepared Size 


Per 

Per 


Per 

Per I 

Per 

Per 


Cent. 

Cent. 


Cent. 

Cent 1 

Cent. 

Cent. 

Egg 

1.47 

0.681 


0.42 

1.047 , 

0.8560 

3.0040 

Stove 

2.85 

1.310 

1.14 

1 0.28S ' 

0.0812 

2.8192 

Chestnut 


2.370 


1.90 

1 0.556 ' 

0.0881 

4.9141 

Pea 




0.866 

' 0.333 

0.1050 

1.324 

Buckwheat 





1.8730 

1 1.873 
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In general, this type of plant combines most of the qualifi- 
cations of an ideal plant; its main disadvantages are: 1, the 
large individual units, with consequent tying-up of capacity 
when but a small amount of coal of a particular size or kind is 
to be stored ; 2, expensive operation in the case of frozen coal, 
with liability to this difiiculty from the method of making the 
piles. The coal can be handled with hot water if a supply is 
available, but this requires extensive drainage. This type is 
suited either to very extensive storage of hundreds of thou- 
sands of tons, or for the storage of moderate quantities of a 
single size, as for large steam-plants. 

Suitable locations for plants of this type, while not common, 
are to be found ; the most desirable is land with an average 
slope of about 1.25 per cent, not less than 600 ft. wide, for units 
on both sides of the central tracks, and at least a mile long. 
Enough space should always be left, and the tracks should be 
planned for extensions, which can readily be made by erecting 
additional units, 

(j) The Ransom StoTage-‘8ystem . — A notable variation from 
the Dodge type was built under my supervision for the Lehigh 
Valley Coal Co., at Ransom, Pa., with a view to obtaining a 
plant at relatively low first-cost, for handling Western ship- 
ments. A place on the main line of the railroad, beyond the 
anthracite region, was selected. 

The type of plant erected. Pigs. 22 and 23, varies from the 
standard Dodge type in the use of a traveling trimmer-truss, 
building a wedge-shaped pile of coal with rounded ends, and 
reloading by conveyors in tunnels, with the assistance of trav- 
ersing-reloaders, to a central loading-tower and screen-house. 
In detail, the coal is brought in on a double-track trestle, Fig. 
24, with continuous bin-chutes controlled by gates similar to 
the trestle described in connection with the Hudsondale plant. 

The cars are handled on this trestle by a rope-haulage system, 
spotted as desired and dumped into the hopper-chutes, from 
which the coal, to the capacity of the conveyors, is fed to a 
traveling-trimmer. This trimmer consists of a regular Dodge 
truss of 200-ft. span, the lower end resting on an eight-wheeled 
truck moving on a depressed track, and the other hung from a 
truck-frame on an elevated single-track structure, 83 ft. above 
the storage-floor. 
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Fig. 22.— -Ransom Plant, Lehigh Valley Coal Co. Plan and Cross-Section. 
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The track-support consists of steel trusses supported on 30-iii. 
diameter cylindrical steel columns, built of 0.54n. boiler-plate, 
supported at the bottom by ball-and-socket joints of large di- 
mensions to avoid strains due to their resistance as a beam 
fixed at one end ; the two central columns have longitudinal 
sway-bracing, and the colonnade as a whole is stayed from each 
column by side guy-ropes to anchorages outside the plant, and 
at the ends in a similar manner. All expansion of the colon- 
nade, 902 ft. in total length, is transferred outward from the 
center, and expansion and contraction of the truss is taken 
care of by the hanging-support of its upper end. The upper 
and lower trucks are driven through their wheels by a 50-h-p- 
street-car motor, connected by shafting to both, and driving 
the trimmer 40 ft. per minute through suitable clutches con- 
trolled from the operating-house on the trimmer. 

The trimmer-conveyor has flights 27 by 21 in., and is driven 
by a 125-h-p. motor, situated at the top of the truss and con- 
trolled from the operator’s house. This conveyor is provided 
with the movable bottom previously described, and fed from 
the trestle-gates through an extensible chute, which is moved 
out to make a close connection. 

Storage to maximum capacity is in the form of a single pile 
1,240 ft. long, 342 ft. wide at the bottom and 83 ft. high, hold- 
ing 380,000 tons of coal. 

The plant will, at the most, handle only four sizes at once. 
These sizes are started in separate piles, and, if necessary, the 
coal is allowed to mix at the junction, a procedure admissible 
by reason of the exceptional rescreening facilities provided. 

In designing the columns it was necessary to determine the 
probable strains from the reloading of the coal, for which no 
reliable data were available. An investigation disclosed the fact 
that in the original Dodge plants the timber masts in the coal 
failed by shearing from the avalanching of frozen coal, and 
not by bending, so the columns were given a factor of safety of 
six on the shearing-strength of successful masts, and further, it 
was planned to strengthen them by filling with concrete. This 
was attempted, but resulted in imperfect drying-out in the 
long closed columns, and damage to a couple of them from ex- 
pansion due to freezing. 

The trimmer-conveyors were proportioned on experiouco 
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with standard Dodge plants for a capacity of 180 tons per hour, 
but it was found that with the regular feed to capacity, made 
possible by the use of the pocket-chutes, and by moving the 
conveyor in case of delays in spotting or emptying cars, the 
actual work reached 3,800 tons in 10 hr., an object-lesson on 
the extent of the delays incident to the usual methods. 

Reloading is accomplished by conveyors in longitudinal tun- 
nels under the central colonnade, Figs. 22 and 25, delivering into 
cross bucket-conveyors at the center of the plant, which take the 
coal beyond the edge of the pile, and, turning, elevate it to the 
top of the screen-house. The longitudinal tunnels aggregate 
1,035 ft. long, 8 ft. wide, and average 6 ft. 7 in. high, of rein- 
forced concrete, with I-beam top ; to permit of loading coal from 
the edge of the retreating pile without drawing under pres- 
sure, the top is in the form of a hoppered slot covered by 
short lengths of plank resting on the I-beams; one or more of 
these planks at the edge of the pile are removed to permit the 
coal to run into the tunnel-conveyors ; these have top troughs 
close to the bottoms of the I-beams, guarded on the sides by 
steel aprons to prevent running over into the tunnel. The 
two conveyors, each with 10- by 30-in, flights, draw towards 
the center, where the coal slides gently into a cross-conveyor, 
with 24- by 38-in. buckets, which act as scrapers on the level, 
and, turning, form an elevator to raise the coal to the top of the 
loading-tower. At 20-ft. intervals through the tunnels, steel 
gates are provided to draw from any part of the pile in emer- 
gency. 

The longitudinal tunnels also serve for foundations for the 
colonnade supporting the elevated center-trimmer track. Under 
the center of the plant the transfer from the longitudinal to the 
cross-conveyors is made in a concrete pit, with steel-and-con- 
crete cover, averaging 24 ft. wide by 86 ft. long, which serves 
as an engine-room for the longitudinal conveyor-motors and 
driving-machinery. 

A little more than half the coal in the plant is tributary by 
gravity to the central and cross tunnels, the balance is deliv- 
ered into the longitudinal tunnel-conveyors by two traversing- 
reloaders, Fig. 25, similar in type to the standard pivoted Dodge 
reloaders. Each of these is 163 ft. long, of steel-truss construc- 
tion, 13 ft. wide in the center, and carries an encircling conveyor 
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with 8- by 18-in. flights. The operating-machinery for each of 
these is carried in a house in the center. Current is supplied to 
the motors through flexible cables from plugs in the center 
tunnel. Traversing is accomplished through steel cables, two 
for each side of the plant, each passing around two 6-groove 
sheaves, and extending from end to end of the plant. Even 
with the six turns around the sheaves it was early found neces- 
sary to supply tension-towers at the ends of the plant to insure 
tractive power. 

The operation of reloading is accomplished by drawing the 
center of the pile by gravity into the tunnel-conveyors, and fol- 
lowing up with the traversing-reloaders to remove the two 
side-piles. 

The central screen-house. Fig. 26, is amply provided with 
standard colliery shaking-screens, on which the standard mesh 
for the particular size of coal in course of reloading is placed. 
The screenings go across the track to a preparation-house, 
where they are separated into sizes and go to pockets for 
shipment or to the boiler-house for fuel. A feature of the 
screen-house is a transfer, similar to the cross-conveyor, which 
is arranged to take coal from open ears for transfer into box- 
cars, often preferred for Western shipment. 

Rapid loading in box-cars is accomplished by the use of a 
Smith box-car reloader, a massive machine, Fig. 27, consisting 
of a platform resting on a cradle in the form of an arc of a 
circle, oscillating on supporting wheels, and provided with 
hydraulic mechanism for operation. When the box-car is in 
position for loading, and locked by power-operated clamps, 
the center of oscillation is near the top of the center door- 
opening, previously bulkheaded to the height of the top of the 
proposed loading. A 3-ft.-wide chute from the screen-house is 
extended into the car, and loading is commenced; as the car 
tills the cradle is gently revolved, tilting the car until one end is 
filled to the desired level, when the car is tilted in the opposite 
direction and the other end filled in a similar manner. It 
would seem, on first thought, that the coal already in would 
shift to the opposite end, as the ear is reversed ; but advantage 
is taken of the diflPerence between the angles required for start- 
ing and for maintaining motion in coal, and the other end of 
the car is filled by the coal moving from the chute without 
shifting of the load. 
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The whole operation of spotting, clamping, loading, and re- 
leasing a 60,000-lb. capacity box-car can readily be performed 
in 6 min. under ordinary working-conditions, as compared 
with from 20 to 30 min. for loading with hand trimming. 

Open cars may be loaded on this machine, or by chutes from 
the reloading-tower, under and beside which are shipping-tracks 
in addition to the one in front occupied by the reloader. 

All the machinery is electrically operated by current supplied 
from a power-plant situated close to the reloading-tower, 
which is supplied with the finest portion of the screenings for 
fuel. 

Extensive railroad-yards for both receiving and shipping are 
a portion of the plant, with ample trackage through the plant 
itself, both for storing and reloading. 

The cost of the plant complete, including machinery, power- 
equipment, grading, tracks, reloading and transfer-tower, 
screen-house, dam, and a 0.5-mile pipe-line for water-supply, 
trestles, rope-haulage, and lighting, was very close to |1.16 
per ton of capacity, and the operating-expense, excluding in- 
terest, taxes, and depreciation, is reported as low as 1.75 cents 
per ton handled during months of active operation. 

No reliable data from a full clean-up are available as to break- 
age, but this appears to be somewhat greater than in a standard 
Dodge plant. 

The plant as a whole has the advantages of low first-cost, 
cheap handling, large storage for the area occupied, ease and 
cheapness of extension, exceptionally thorough rescreening and 
ease of preparation of the screenings, low repairs, moderate 
maintenance, and very rapid handling. The disadvantages are 
inherent to the type : impossibility of handling more than one 
size at a time, in either stocking or reloading ; partial mixing 
of sizes, except at a great sacrifice of capacity; limitation of 
number of sizes to not exceeding four ; some fire-danger ; and 
high depreciation on the wooden trestle. 

(k) Covered Storage-Plants , — The diflS.culties from frozen and 
snow-covered coal, which are annoying in the latitude of New 
York, become so serious in more northern regions as to warrant 
expensive arrangements for their avoidance. As mere cold in- 
volves no difficulty in reloading, trouble from freezing is cured 
by the use of covered plants. 
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These comprise very many yards for wholesale and retail 
trade, usually of the trestle- or bin-type, hardly of a .capacity to 
he dignified as storage-plants, and a number of plants along 
the Great Lakes of the bin-and-tunnel type, but except for be- 
ing covered none of these vary materially from their general 
types as described. 

A few covered plants in the mechanically-operated class 
vary so far from usual practice as to merit brief description. 

The Hammond, Ind., plant of the Erie R. R., Fig. 28, of 
60,000 tons capacity, a building 840 ft. long by 90 ft. wdde, 
stores coal by a conveyor-system, with cross-conveyor in the 
roof. The sizes are separated by A-partitions and the walls 
sustained by anchor-bands in the coal itself. Reloading is 
accomplished by running the forward coal by gravity into a 



Fro. 28 .— Erie Eailboad Covered Storage- and Transfer-Pdant, 
Hammond, Ind. Cboss-Seotion. 


longitudinal conveyor in front of the building, whence it is 
transferred to the return-buckets of the storing-conveyor, eleva- 
ted to the loading-tower, screened and shipped. The screenings 
are prepared in a separate building. The balance of the coal 
in each pocket is delivered to the front conveyor by traversing 
Dodge reloaders, one serving each two bins. These are shel- 
tered under the A-partitions when the bins are full. 

This plant, which also is used as a transfer-plant, has the 
advantage of covered storage, moderate cost under the oondi- 
tions, good handling-capacity and rescreening, with, as its most 
serious objections, fire-risk and excessive breakage from trans- 
fers between conveyors, and drop from the roof of the build- 
ing in storing coal. 
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A better type, also designed by the Dodge Co., and erected 
for the Lehigh Valley Coal Co. at West Superior, Wis., to 
store coal from lake vessels, is practically a 50,000-ton trimmer- 
truss inclosed in a circular dome-shaped building. Fig. 29, 
The roof is supported by steel-dome construction and the low 
vertical sides by retaining-bands buried in the coal. Storing 
is accomplished by the use of the usual trimmer-conveyor with 
movable bottom, the only drop being for the first coal de- 
posited until this makes a pile reaching to the point of trimmer 
entrance into the building. Reloading is accomplished by the 
use of a tunnel-conveyor extending to the center ot the build- 
ing, into which the coal tributary by gravity is admitted by 
valves in the roof of the tunnel. When all the coal thus avail- 
able has been removed, a reloader, pivoted at the center of the 
building, has been uncovered and this delivers the balance of 



Fig. 29. — Covered Storaoe-Plaet, Lehigh Valley Coal Co., West 
Superior, Wis. Oross-Seotion. 


the contents to the tunnel-conveyor. All the coal is elevated 
by this to a loading-tower, where rescreening can be properly 
accomplished. 

The cost of this plant, which comprises two such buildings, 
was about $3 per ton of capacity. Except for the breakage in 
unloading vessels, the stocking-breakage should but little ex- 
ceed that of a standard Dodge plant, while the reloading-break- 
age would be somewhat greater by reason of the drop into the 
tunnel-conveyor, the necessity of drawing the first of the coal 
under pressure, and the double handling by reloader and 
tunnel of part of the coal. 

The plant, being all of metal, is practically fire-proof, the 
main disadvantage being the lack of flexibility. Only one size 
of coal can, of course, be stored in each building, and any size 
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stored must be entirely reloaded before tbe building is available 
for a different size. 

A covered plant of 100,000 tons capacity, built at Wende, 
near Buffalo, by tbe Lehigh Valley Coal Co., in 1906, Fig. 80, has 
also some unique features. The building is 480 ft. long by 250 
t. wide. The front and rear walls, 20 ft. high, are braced by 
a retaining-band, and the end walls and two partitions are se- 
cured by tie-rods from double lines of piles. The curved roof 
is supported by steel trusses, the lower members of which are 
on the angle of repose of piled coal. 

Each of the three pockets is provided with a central trimmer- 
conveyor for stocking, and a central tunnel-conveyor with 
valves on 14-ft. centers for reloading. The tunnel-conveyors 
carry the coal each to its own reloading-tower provided with 
proper screening facilities, and the coal which is not tributary 
by gravity to the tunnels is brought to them by dock-scrapers. 

The driving ,is done by rope from a centrally-located en- 
gine. The cost of the plant approximated |2.26 per ton of 
capacity, and the operating-expense is said to be moderate. 
Breakage should approximate that of the plant previously de- 
scribed, over which this plant appears to have the advantages 
of lower first-cost, greater handling-capacity, less area occu- 
pied, and provision for three sizes of coal. 

In addition to the plants described there are many others, 
particularly on the Great Lakes, showing interesting variations 
from their primitive types, but usually these modifications are 
on the general lines discussed. 

VI. Extent or Storage. 

The extent of storage installed by the various anthracite in- 
terests up to 1908, not including yard- or pier-storage at sea- 
board or lake points, amounts to 5,590,000 tons, as detailed in 
Table I. 


VOL. XLII. — 22 



364 


THE STORAGB OE ANTHRACITE COAL. 


Table I. — CoaUStorage of Anthracite Interests, 
Type of Plant. 


Owner. 

Bin and 
Tunnel. 

Hillside. 

Tramway 

Dodge. 

Special 

and 

Covered. 

Total. 

Lehigh Valley R. 
R. and L. V. C 
Co 

Tons. 

300,000 

Tons 

226,000 

Tons 

160,000 

Tons. 

310,000 

Tons 

600,000 

Tons. 

1,585,000 

Philadelphia <& 
Reading 


450,000 


660,000 


1,110,000 

Pennsylvania R. 
R. and Susque- 



! 

880,000 


880,000 

Erie R R and 
Pennsyl v a n i a 
Coal, Co 


120,000 


385,000 

60,000 

565,000 

Central R. R. of 
N. X, and Le- 
high Wilkes- 
Barre C. Co 




560,000 


e560,000 

Delaware & 




270,000 


270,000 



Lehigh Coal 
Nav. Co 




240,000 


240,000 

D e 1., L a c k. & 
Western R. R .. 





200,000 


200,000 

New York, 0 & 
Western 




180,000 


180,000 

Total 

300,000 

795,000 

160,000 

3,685,000 

^60,000 

|5, 690, 000 


VII. Conclusions. 

In general, it appears that mechanical storage has distinct 
advantages over non-mechanical, that the Dodge type with its 
modifications is best suited to extensive storage-plants, and the 
traveling-tramway to smaller plants and to secondary whole- 
salers’ installations. 

All the non-mechanical plants involve such serious breakage 
in stocking as to warrant the greater first-cost of the mechani- 
cal types. 

It is hoped that this review of practice in storing anthracite 
may lead to an appreciation of the controlling feature, the 
breakage of coal, which does not seem to ho appreciated as 
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thoroughly as it should be, especially in the smaller plants and 
yards of the country, where better methods would be of dis- 
tinct financial advantage. 

That better descriptions of certain types and fuller data in 
regard to them are given, must be charged to my experience 
comprising plants of the trestle-and- tunnel, Dodge, hillside, 
Eansom, and traveling-tramway types, one or more plants of 
each of which types, with an aggregate capacity of 1,145,000 
tons, have been constructed from my plans and under my im- 
mediate supervision, while descriptions of other types and 
variations are from inspection and study only. 


Anthracite-Culm Briquettes. 

BY CHARLES BORRANCE, JR., LANSFORD, PA. 

(Wilkes-Barre Meeting, June, 1011.) 

Introduction. 

Culm is a general term used in the anthracite regions for 
many years to denote a mixture of coal, bony coal and impu- 
rities which is sent to the refuse-banks. Thus, 85 years ago 
culm contained the pea and buckwheat sizes of anthracite ; but 
to-day, and as mentioned in this paper, culm is used specifically 
to denote the material which passes through the smallest screen 
in the anthracite-breaker. The smallest size of commercial 
anthracite is known as No. 3 buckwheat, barley, or bird^s-eye 
coal, and is ordinarily made through a round-punched plate 
having openings in. in diameter, and over a round-punched 
plate with openings in. or ^ in. in diameter. Thus culm 
will consist of coal, bony coal, slate, gravel, iron pyrite, etc., 
ranging in size from in. down to dust. Other local terms 
for culm are slush, sil and dirt.” 

The first experiments towards the utilization of anthracite 
culm by briquetting, and the first briquetting-work done in this 
country, were in 1872 at Port Eichmond Piers, Philadelphia, 
Pa., by E. F. Loiseau.^ Clay was used as a binder and the 
finished briquette was water-proofed with shellac, etc. Exces- 
sive cost was given as the reason for discontinuing work at 
this plant. 


1 Trans., vi., 214 (1877-78) ; viii,, 314 (1879-80). 



§66 


ANTHBAOITE-CULM BRIQUETTES. 


The Delaware & Hudson Co., in 1876, built a plant at Ron- 
dout, H. Y., which operated until 1880. Gas-tar was used^ as 
a binder, and anthracite screenings were briquetted for engine 
fuel. Excessive cost, poor results in firing, and the tendency 
of the fuel to cut the boiler-flues were given as the reasons for 
discontinuing the manufacture. 

The next plant was built by E. F. Loiseau about 1878, at 
Hesquehoning, Pa., near the Ho. 1 or Hesquehoning colliery 
of the Lehigh Coal & Navigation Co. Pitch was used as a 
binder, and several samples of these briquettes were recently 
found along the bottom of the culm-heap at Hesquehoning. 
These briquettes are about 4 in. square, and contain coal from 
pea-size to dust. Except for rough corners, they are perfect in 
shape and have suffered little or no deterioration. The high 
cost of production was the chief reason for abandoning the work. 

In 1890, a plant of English design was built at Mahanoy City, 
Pa., to make briquettes from anthracite culm for engine use 
on the Philadelphia & Reading railway. At first 18-lb. bri- 
quettes were made, but afterwards the size was changed to 2-lb. 
briquettes. The binder used was coal-tar pitch imported from 
England. The chief reasons for abandonment were inability 
to get a steady, uniform supply of binder, small margin be- 
tween cost of manufacture and cost of coal, and poor results 
in practical use. 

In 1906, the Hew Jersey Briquetting Co. erected a small 
plant in Brooklyn, H. Y., which was later moved to Perth 
Amboy, H. J., and is now in operation. The anthracite culm 
briquetted is shipped from the mines of the Susquehanna Coal 
Co. in the Lykens district. Melted coal-tar is used as a binder. 
The briquettes, of “ pin-cushion ” type, averaging in weight 
about 2 oz. each, with specific gravity of about 1.25, are used 
for domestic purposes. 

In 1906, the Scranton Anthracite Briquette Co. erected a 
plant at Scranton, Pa., near the Storrs colliery and washery of 
the Delaware, Lackawanna & 'Western railroad. The plant 
consists of one press of the roll, or Belgian, type, said to have 
a capacity of 500 tons per day of 10 hr. The Delaware, Lacka- 
wanna & Western railroad uses 200 tons of these briquettes 
daily on freight-locomotives, burning them mixed with Ho. 1 
buckwheat and bituminous eoaJ. 
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In 1908, the Lehigh Coal & Navigation Co. built a small ex- 
perimental plant at Lansford, Pa., and in 1909 began mar- 
keting briquettes from this plant for household use. The plant 
was destroyed by fire in December, 1909, and a new plant was 
put into operation in March, 1911, having two presses of the 
Belgian type, and a capacity of from 16 to 20 tons per hour. 

This practically reviews to date the history of the briquetting 
of anthracite culm in the United States. Many small ventures 
have been started and companies formed, some of bona fide pro- 
ducers, but the greater number being stock-selling propositions, 
or secret-binder exploitations. It will be noted that there has 
been but one of the anthracite producing companies — the 
Lehigh Coal & Navigation Co. — which has directly done any 
work along these lines since the experiments in 1876 of the 
Delaware & Hudson Canal Co. The failures of the first four 
plants naturally had a great deal to do with this condition, but 
when we consider that, due to cheaper pitch and better ma- 
chinery, the cost of briquetting has probably been materially 
reduced since 1890, the date of the abandonment of the last 
plant, whale the cost of anthracite coal has steadily increased 
and will probably continue to increase, the two principal reasons 
for these first failures seem to be to a great extent eliminated. 

E. "W. Parker, in a publication of the U. 8. G-eological Survey, 
gives as a reason for the inactive attitude of the anthracite compa- 
nies in regard to briquetting that it would tend to reduce the out- 
put of anthracite proper, and that this would mean an increase 
in the cost of production due to fixed charges. Another reason 
has been advanced that the anthracite companies would be 
“ competing with themselves,” if they started in to produce and 
sell briquettes. Both of these arguments are answered by the 
fact that every mining-man in the anthracite regions is work- 
ing tooth and nail to get the greatest number of tons of pre- 
pared-size coal per mine-car, and if, at a fair profit, he can 
convert the worse than worthless culm into a prepared-size 
fuel, he accomplishes the same result in the end. The large 
briquetting-plants of Europe are operated and controlled by the 
coal-producing companies, and it seems reasonable to expect 
that any large development of the briquetting of anthracite 
culm in the United States must depend upon the support of the 
anthracite producing companies. 
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The commercial tonnage of anthracite per year is about 
60,000,000 tons, and a conservative estimate of the amount of 
culm produced annually would be about 8 per cent, of the com- 
mercial tonnage of coal, or about 5,000,000 tons. This per- 
centage is higher in the Southern and lower in the Northern 
anthracite-field. The average cost of disposal of this culm 
is about 2 or 3 cents per ton, depending on the methods em- 
ployed and the local conditions. In many cases the culm is 
flushed back into worked-out rooms or chambers in the mines, 
and by this method the intervening pillars removed. This 
disposal is often given as an argument against briquetting, but 
it is hardly admissible, since our German brother finds that sand 
and gravel are better for the purpose, and he refuses to use 
good coal, for which he has paid to mine and prepare, as a sub- 
stitute for non-combustible material. At all events, the method 
of using anthracite culm for mine-filling can hardly be classed 
as a step towards the scientific conservation of natural resources. 
In most cases, where culm is not flushed back, it is either 
mixed with jig- and platform-slate and sent to the refuse-bank, 
or washed into slush-dams and there settled. The former 
method means that the culm is practically thrown away for 
good, since it is doubtful whether it could be extracted from the 
banks except at great expense, unless worked again for washery 
purposes, and to-day few refuse-banks are rich enough for that 
treatment. The latter method is cheap, and the culm can be re- 
claimed easily at a small cost. One of the large anthracite com- 
panies has ordered that all its culm must be kept separate from 
other refuse, having in view its reclamation at some future time. 

Leaving aside the value received from culm used for flush- 
ing-purposes, to-day the annual production of 5,000,000 tons of 
culm, averaging 75 per cent, of pure coal, entails, in addition 
to a cost per ton of mining equal to that of the best chestnut- 
coal, a further cost of 2 or 3 cents per ton for disposal, with a 
revenue which is negligible. As an economic question, there- 
fore, its utilization is a most intensely interesting subject. 

There are two general methods which have been suggested 
for using culm for fuel : one, combustion, either in pulverized 
state or without pulverizing, in special furnaces ; the other, to 
briquette it. The first method will not be taken up in this paper, 
but from a question purely of fuel- value in dollars it is perhaps 
the better way, if feasible. But little expense, either in labor or 
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material, is added to the culm, if burned direct, and thus the re- 
sulting cost per British thermal unit, or per horse-power pro- 
duced, is small. On the other hand, the efficiency of combustion 
will probably be low, and its use adapted only for steam-produc- 
ing purposes, where the fuel must have a very low selling-price. 
Briquetting, on the other hand, necessitates considerable addi- 
tion of both material and labor before the briquette can be 
made. The resulting fuel, however, can compete with the higher- 
priced domestic fuels, and has a high fuel-efficiency. From an 
academic stand-point briquetting also has the further advantage 
that if briquettes are used for domestic purposes it will mean a 
15 per cent, longer life to anthracite as a domestic fuel, and 
advances the day when the cost of production of anthracite will 
bring its selling-price beyond the reach of all save the well- 
to-do. It is a question whether the difference between the cost 
of briquettes and their selling-price will not be as great as the 
value received for the culm itself for steam-raising purposes. 

Experimental Work. 

About the middle of 1907, the Lehigh Coal & Ifavigatioii 
Co. began experiments towards the utilization of culm. The 
investigation was in charge of George B. Damon, Fuel Engi- 
neer. A small laboratory was established in Mauch Chunk, 
Pa., which a few months later was transferred to the mines at 
Lansford. After preliminary investigation, it was decided to 
do the first work in briquetting and later to take up experi- 
ments in direct combustion. 

The first work done was a thorough systematic series of tests 
to determine both the physical and chemical characteristics of 
the culm from the various collieries of the company. Tests 
were also run on culm from collieries of the other large anthra- 
cite companies. These tests were made as follows : A 10- to 
15-lb. sample of culm was taken from settling-tank elevators 
every 5 min. during an entire breaker-day of 9 hr., giving, at 
the end of the day, a general sample of approximately 1,200 lb. 
This large sample was thoroughly mixed at the collieries and 
quartered down to from 80 to 100 lb., which was placed in sam- 
ple-boxes and sent to the laboratory. At the laboratory the 
sample was quartered once, two ^alternate quarters being used 
for the determination of mesh-sizes, and the other two alternate 
quarters for analysis. The latter portion was carefully quartered 
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to a 5- to 10-lb. sample ; dried, crushed, and quartered to an 8-oz. 
sample ; which, in turn, was pulverized and quartered to four 
2-oz. samples, and each analyzed for moisture and ash. The sam- 
ple for the mesh-determination was quartered to from 10 to 15 
lb., dried and thoroughly screened, the percentage of weight 
being taken of the following sizes ; 

1. Material over a No. 1 buckwheat mesh in. round). 

2. Material through No. 1 and over No. 2 buck, mesh in. round). 

3. Material through No. 2 and over No. 3 buck mesh in round). 

4. Material through No. 3 buck, and over No. 10 wire mesh. 

5. Material through No. 10 mesh and over No. 20 wire mesh. 

0. Material through No. 20 mesh and over No. 40 wire mesh. 

7. Material through No. 40 me.sh and over No. 60 wire mesh. 

8. Material through No 60 wire mesh. 

When the percentage by weight of these different mesh 
materials had been found, a separate analysis for ash and mois- 
ture was made on each size material. From these data the 
ash-content of the general unsized sample was calculated and 
checked against the mean analysis of the four determinations 
made on analysis sample. Determinations were also made — 
both mesh and chemical — on the fine material going through 
the 170. 60 mesh on a number of samples, — namely, on the 
material staying on 17o. 80 mesh, I7o. 100 mesh, and material 
passing through the No. 100 mesh. The weight per cubic foot 
of the dry culm, and of the different mesh materials, was deter- 
mined, both loose and packed. Moisture-determinations were 
also made on culm as received. The above procedure was 
continued over a period of about four months, until each colliery 
had been sampled for about 15 different days scattered over 
the above period. 

The results of this work indicated the fallacy of the prevalent 
idea that all culm is largely pure coal. On the contrary, as a 
general rule, the finer material in culm was found to carry 
higher ash than the coarser part of the same sample. The only 
exception to this was that the material passing through the No. 
100 mesh was found slightly lower in ash in all eases than the 
material staying on the No. 100 mesh, but the difference was 
very slight, being at the maximum 1 per cent. Typical ex- 
amples of these results, obtained from two samples from the 
Southern and two from the Northern anthracite-field, are given 
in Table I. 
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Table I. — Ash- Content in Sized Anthracite Culm, 


NORTHERN SOUTHERN 

ANTHRACITE-EIELD. ANTHRACITE* FIELD. 



Sample No. 1. 

Sample No 2. 

Sample No 1. 

Sample No. 2, 











Weight 

Material 

4 

< 

Weight 

Material 

A 

< 

Weight ( 
Material 

i 

Weight c 
Materia] 

A 

CQ 

< 


Per 

Cent. 

Per 

Cent. 

Per 

Cent. 

Per 

Cent. 

Per 

Cent. 

Per 

Cent. 

Per 

Cent 

Per 

Cent. 

Over No. 1 buck, screen, 

0.20 

21.1 



0 25 

22 60 

5.95 

23.40 

Over No. 2 buck, screen, 

4,30 

34.1 

0 05 


1.65 

19.11 

2 70 

29.90 

Over No. 3 buck, screen, 

12.70 

31.9 

6.30 

22 17 

3 35 

21.75 

18.30 

33.72 

Over No 10 wire mesh, . 

0 70 

30 9 

1 75 

12.80 

0.90 

20 32 

1 00 

30 10 

Over No 20 wire mesh, . 

25 90 

34.1 

30.20 

16.84 

33,60 

20 75 

19.55 

31.45 

Over No 40 wire mesh, . 

28.50 

36.5 

24.13 

19.17 

31,40 

18.80 

27.85 

29.31 

Over No. 60 wire mesh, . 

20 21 

39 5 

17 87 

21 88 

20.90 

21.16 

16 40 

34 95 

Over No 80 wire mesh, 

3 68 

43 5 

5.38 

23.61 

3 45 

28.30 

3 10 

36.40 

Over No. 100 wire mesh. 
Through No. 100 wire 

0.80 

44.1 

4 13 20 

28.93 

1 10 

32 10 

1 10 

44.15 

mesh, 

3.01 

43.0 

t 


3.30 

31 60 

3.90 

43 60 


100 00 


98 88 


99.90 


99 35 


General sample. 


37.5 


18.80 


20.60 


30 56 


Of the material passing through No. 100 mesh about 75 per 
cent, will stay on a No. 200 mesh. The weight per cubic foot 
of dry culm will average about 66 lb. The moisture from 
culm made in a wet breaker will vary from 30 per cent, when 
first loaded, down to from 10 to 15 per cent, after more or less 
drainage in cars. 

After these tests had been finished and the results tabulated, 
the following conclusions were reached in regard to the bri- 
quetting of this material : 

1. Size. — The material was readily adaptable without crush- 
ing, but it was judged that the very finest material (passing 
No. 60 mesh) would perhaps have a deleterious effect on the 
resulting briquette, and should be rejected. 

2. Moisture. — The culm would probably have to be dried be- 
fore briquetting. 

3. Impurities. — It was decided that a method of reducing the 
impurities from the coal must be devised, if the briquette was 
to be used for a domestic fuel. 

Tests indicate that culm averages about 26 per cent, incom- 
bustible materia], which is probably much too high for a satis- 
factory domestic fuel. Due to wide variations, the ash in culm 
may run as high as 40 per cent, and the nature of the impuri- 
ties is such as to cause trouble. The finer the material the 
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larger the amount of pyrite it carries, and the material through 
Uo. 60 mesh, when panned in a prospector’s gold-pan, will 
show on the clean-up a thick covering of “fool’s gold.” 

As drying at some period of the briquetting-process was 
deemed advisable, it was decided to investigate the feasibility 
of pneumatic separation, and an experimental separator was 
built of the design shown in Fig. 1. It consisted of a narrow 
box-like compartment about 13 ft. long, 18 in. wide, and 10 ft. 
high. In the front end at the top was placed a hopper, from 
which the culm was fed by gravity on to a feeding-belt, which 



in turn fed a steady shallow stream of culm into the separator 
at a point just above the opening in the front end of the sepa- 
rator. At the back end of the separator was another opening 
which led to a Sirocco multivane fan. The bottom of the sepa- 
rator consisted of 24 small boxes, or bins, each about 6 by 18 
by 18 in. in size. These boxes fitted closely to each other, 
and air-tight doors were made along the bottom of the sepa- 
rator, so that after each test they could be removed. Both 
the front and rear openings of the separator were adjustable 
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in vertical position and in area, and the positions of the feed- 
hopper and belt were also adjustable. There were air-tight 
windows in the top and sides of the separator, and electric 
lights were placed in its interior, so that observations could 
be made during the tests. The method of operation was: 
The fan being started, a current of air was sucked past the 
front opening on through the box-like body of the sepa- 
rator, and exhausted by the fan outside the laboratory. A 
thin layer of dry culm was fed into this air-current at the front 
opening, and carried towards the rear of the separator. The 
impurities in the culm, having a specific gravity ranging from 
2.5 for slate to 5.2 for pyrite as compared with 1.6 for coal, 
should settle out of the current first, while the lighter coal 
should be carried further along. The above action was found 
to take place to a certain degree. The tests were as follows : 
A weighed quantity of dry culm, previously analyzed for ash 
and mesh constituents, was placed in the feed-hopper, and 
the position of the hopper and the area of front and rear open- 
ings were noted. The velocity of air at the front and rear 
openings during each test was taken continuously by anemom- 
eters, and the speed of the fan, which was changeable by a 
variable-speed motor-control, was noted. The thickness of the 
layer of culm fed and the duration of the test also were noted. 
When the test was finished, the doors at the bottom of the 
separator were removed and the small boxes, or bins, taken 
out, their contents weighed, screened for the different mesh 
material deposited therein, and analyzed for incombustible. 
All these data for each test were tabulated on a regular 
printed form. 

These tests were run for a period of about six months, until 
all variations of air, openings, feed, etc., had been tried. Figs. 
2 and 8 show diagrammatically the results obtained. The 
abscissas are the small boxes or bins in the bottom of separators, 
while the ordinates are either percentage of incombustible, per- 
centage by weight of culm, or percentage by weight of the 
different mesh material. The curves show in a general way 
the amount, sizes, and percentage of ash in the culm deposited 
in the boxes. 

The condensed results of these tests showed that under the 
most favorable conditions, from 60 to 60 per cent, of the culm 
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could be obtained as briquetting-material from the separator, 
with a reduction in ash of from 2.5 to 3.5 per cent. This 
means that nearly half of the original culm would have to be 
thrown away, and the culm recovered would still be nearly as 
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BOTTOM COMPARTMENTS OF SEPARATOR 
Fig. 2. — Average op Tests on Unsized Culm. 



Fig. 3. — Average op Tests on Unsized Culm. Percentage op Mesh 
Materials Deposited per Compartment op Separator. 


high in ash as it was before treatment. A great deal of the 
worst impurities was eliminated, however, and the briquetting- 
material recovered was very much improved in size, since the 
oversize and the very fine dust were eliminated. The main 
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cause for these poor results was the fact that the culm was not 
sized closely enough for good separation. The small pieces of 
slate and the large pieces of coal, both having the same weight, 
would fall into the same box. 

From the above tests, however, a process was outlined and 
patented, the patents being assigned to the Lehigh Coal & 
l^avigation Co. These patents control both the machinery and 
the process. In a general way, the process as outlined is to 
dry the slush, and separate by air into three products from the 
separator : (1) Material which settles in the front end of the 
separator and is large in size. This is to be used in a gas- 
producer to generate gas, which in turn is to be used to dry the 
original culm before separation. (2) Material which settles 
out of the air-current in the middle of separator and is to be 
used as briquetting-material. (3) Very fine material, the last 
to settle at the rear end of separator, is to be burnt direct in a 
special furnace, on a surface which is preheated by producer- 
gas from the first product. 

Table II. give^ the average physical and chemical properties 
of these three products, as shown by results obtained in tests: 


Table II. — Products of Pneimatic Separation* 


Quantity of tlie original culm by weight, 
Incombustible, 

Proiucer- 

Material. 

Per 

Cent. 

. 25 

. 28 

Briquette- 

Material. 

Per 

Cent. 

55 

20 

Furnace- 

Material. 

Per 

Cent. 

20 

25 

Quantity of material, 10-mesh or larger, . 30 

Quantity of material between 10- and 60-mesh, 68 
Quantity of material smaller than 60-mesh, . 2 

2 

90 

8 

0 

85 

65 


Experimental Plant. 

A small experimental plant to demonstrate the process was 
built in the fall of 1908. As shown in Fig. 4, the equipment 
consisted of a Bartlett & Snow rotary drier 3 ft. in diameter 
and 15 ft. long, to which the culm was fed from a track-hopper. 
The dry slush was elevated after leaving the drier to a Damon 
air-separator, in principle like the small testing-separator, Fig. 
1, but with three bins at the bottom instead of the 24 small 
boxes. The front bin collected, the producer-material, which 
was elevated to the charging-platform of a 260-h-p. Wile sue- 
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tion gas-producer. The producer consisted of the producer 
proper, the scrubber, and the receiver, and the gas produced 
was burned in the furnace of the rotary drier. The middle 
bin of the separator collected the briquetting-material, which 
was conveyed in a screw-conveyor to the briquetting-press. 
The pitch binder, measured and pulverized, was fed into this 
conveyor with the coal, and the mixture was elevated to the 
mixing-tower of the briquetting-press, where superheated steam 
was introduced and the pitch melted. The heated mixture 
was then fed to the press. The briquetting-equipment was 
made in Belgium by Robert Devillers, and the press was the 
ordinary roll type, making egg-shaped briquettes, each weigh- 
ing 1.5 oz. The third bin collected the fine furnace-material, 



Fig. 4.— Plan of Expebimbntal BBiQUETTiNG-PLAiirT. 


which was rejected because no provision had been made for a 
furnace to burn it, due principally to lack of space. 

The plant was started about the middle of November, 1908, 
and experiments were made during the winter of 1908-1909; 
but the work was not entirely successful. It was found that the 
producer-material was too fine to be used in the gas-producer, 
and No. 1 buckwheat had to be used in its place, the producer- 
material being rejected. The drier was not adapted for dry- 
ing the slush, and its capacity was very small. However, about 
500 tons of briquettes were manufactured during the winter, 
and burning-tests, etc., made on them. Various pitches were 
tested as binders, and a great deal of data obtained on binders. 
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power required, drying, and pressing. In the spring and sum- 
mer of 1909, more than 1,000 barrels of briquettes were sent as 
samples to various retail eoal-dealers in the Eastern States, and 



the results were so favorable that in June the plant was started 
to manufacture boulets (as the smaller briquettes are called) for 
the domestic trade. Due to the fact that the capacity of the drier 
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was SO small, the press could not be worked steadily, but the 
drier was operated 24 hr. per day, which gave enough material 
to make about 40 tons of product per day. The boulets found a 
ready sale in New England, and the plant was worked steadily 
up to December, 1909, when it was destroyed by fire. During 
this time about 6,000 tons of boulets were marketed, all for 
domestic consumption. 

The results from a sales stand-point were so favorable that 
work was immediately begun on designs and plans for a com- 
mercial plant. Several difterent plans were discussed before 
reaching a final decision. Some time prior to the fire, tests 
had been made in the small testing-separator with sized culm, 
which showed that if the culm was screened into four sizes — 
material over No. 10 mesh, material over No. 20 mesh, mate- 
rial over No. 40 mesh, and material over No. 60 mesh — and each 



BOTTOM COMPARTMENTS OF SEPARATOR 


Fig. 7. — Average of Tests on Sized Culm over No. 60 Mesh. 

mesh material run through the separator by itself, the results 
were very much better than those obtainable with the unsized 
culm. A recovery of 75 per cent, of the original culm was 
made, with a reduction in ash of from 6 to 8 per cent., which 
meant a combustible value of the resulting briquette as high as 
the average nut or stove anthracite. It was decided, therefore, 
to size the culm before separation in the new plant. Diagram- 
matic results of these tests on sized culm are shown in Figs. 5, 
6, and 7. 

TTie Nm Plant. 

The construction of the new plant was commenced in the fall 
of 1910, and the plant put in operation in March, 1911. Fig. 
8 gives a ground-plan, and Fig. 9 a general view of the 
plant. 
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^Overhead Refuse Bin. I ^ r^Track Hopper for Culm 
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Fjg. 9. — Yiew of the Beiquettihg-Peant from the Northeast. 
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Fig. 10. — ^Yiew of Intebioh of Dryh^g-Buiexung. 
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Fig. 11. — View of Sobebning-Flook. 
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The operation, as now conducted, is as follows : The culm 
is loaded into steel gondolas of 100,000-lb. capacity at the Lans- 
ford colliery of the Lehigh Goal & ITavigation Co. and dropped 
to the siding of the briquetting-plant, which is situated close to 
this colliery. The culm is dumped into a track-hopper and 
elevated to the drying-plant. Here the culm passes through 
two 30- by 6-ft. Vulcan rotary-kiln driers, Pig. 10, and is dried 
by direct contact with the heated gases of the drier-furnace. The 
dried culm is then conveyed on a belt-conveyor back to the 
separating-building, where it is elevated to the top or screening- 
floor. Here the culm is run over four sets of l^ewago vibrat- 
ing-screens, Pig. 11. The first set of screens has an extra 
scalping-screen arrangement by means of which any commer- 
cial sized coal which may be in the culm is saved and returned 
by chutes to the drier-building, where it is burned in the drier- 
furnace. The very fine culm passing through the last set of 
screens is conveyed to the refuse-conveyor. 

Pour Damon air-separators are placed under the four sets of 
screens, and the sized culm from each set of screens is fed to 
each separator. Pig. 12 is a section showing the feed and ac- 
tion of one of these separators. Pig. 13 illustrates the feed- 
device of the separator. The refuse or slate from each sepa- 
rator feeds into a screw-conveyor running along the fronts of 
separators, as shown in Pig. 14. This conveyor feeds into an 
elevator, which discharges the refuse into an overhead steel 
bin, from which it is discharged into railroad-cars and sent 
to the Summit Hill mine-fire for slushing. The purified culm 
from each separator feeds into a screw-conveyor running under 
the four separators, and is elevated to 60-ton storage-bin. 

The culm is fed in a measured stream from the storage-bin 
on to a belt-conveyor, which takes it to the mixing-house, where 
the binder is added. Ooal-tar pitch, used as a binder, is 
cracked lo pea and dust size in a set of rolls. The cracked 
pitch is elevated to a pitch-measuring device, which, by means 
of a friction spool-and-wheel drive, has variable speed and feeds 
a measured amount of pitch to the squirrel-cage pulverizer, 
which pulverizes the cracked pitch, and feeds it into a screw- 
conveyor along with the measured stream of culm from the 
belt-conveyor. Pig. 15 shows this equipment. 

The dry mixture of pitch and culm is conveyed to the bri- 
voL. xm.— 23 
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q^uetting-building, and elevated to the two mixing-towers of the 
presses. Here the mixture is heated with superheated steam 
and the heated mixture is fed to the presses. The briquettes 
are elevated directly from the presses to the bin, from which 
later they are loaded into cars. Before dropping into the pocket 
the briquettes pass over a rotary screen; removing the fine 
material, which is returned to the press. Fig. 16 is a general 
view of one of the presses and the mixing-towers. 



The operation of the plant and process to date has been suc- 
cessful. Ho large mechanical troubles have been encountered. 
Tests of power-consumption, drying, and separating have been 
conducted, and results have been up to expectation. The cost 
of manufacture during the first month of operation, with all the 
mechanical troubles consequent to starting up, and a produc- 
tion of less than one-seventh the full capacity, was within a few 
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Fig. 13. — Feebing-Device on Damon Sepabatoes. 
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Fig. 16 .— View of Briquetting- Press and Mixing-Tower. 
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cents of the estimate of cost of manufacture. Following are 
the results obtained in the different steps of the process : 


Drying. 

Approximate capacity of each drier, about 10 gross tons of dry culm per hour. 

Moisture evaporated per pound of coal burned, 9 lb. 

Coal burned per square foot of grate surface per hour, 8 lb. 

Moisture evaporated in percentage of wet material entering the driers, 13.8 
per cent. 

Power required for drying, elevating, and conveying, 15 kw. 

Labor required for drying : 1 fireman at 17.5 cents per hour, 1 laborer un- 
loading culm, 13.5 cents per hour. 

Screening and Separating. 

Enough No. 2 and No. 3 buckwheat coal is reclaimed from the culm to fire the 
driers, this material running in sizes : Buckwheat, 60.0 ; No. 20 mesh, 35.0 j 
and smaller, 5.0 per cent. 

The screens give the following results in sizing : 



First Set. 

Second Set. 

Third Set. 

Fourth Set. 


Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

No. 10 mesh and larger, 

. 24.7 

0.6 

0.0 

0.0 

No. 20 mesh, 

. 70.0 

60.5 

6.3 

0.0 

No. 40 mesh, 

. 4.5 

34.6 

66.2 

12.2 

No. 60 mesh, 

. 0.6 

4.0 

24.8 

69 4 

Smaller, . 

. 0.0 

0.3 

2.6 

18.4 


99.8 

100.0 

99.9 

100.0 


Depending on the position of the adjustable slate-gate (see Fig. 12), the follow- 
ing results may be obtained in the separators : 


Quantity of original culm recovered 

Position 
No.l. 
Per Cent. 

Position 
No. 2. 
Per Cent. 

Position 
No. 3. 
Per Cent. 

Position 
No. 4. 
Per Cent. 

for briquetting, .... 

90.2 

88.5 

87.0 

80.1 

Quantity of original culm refuse, . 
Reduction in ash for briquetting- 

9.8 

11.5 

13.0 

19.9 

material, 

3.7 

4.1 

4.7 

7.4 

Quantity of ash of refuse, 

65.2 

55.2 

54.6 

54.4 


Power required for sizing, separating, conveying, etc., 65 kw. 
Labor required, 1 oiler at 17.5 cents per hour. 


Mixing of Binder. 

No trouble has been experienced in handling and mixing the binder. The 
pitch has been shipped in bulk loaded in box-cars, and during the summer we 
may have trouble from softening. The measuring-machine works satisfactorily, 
and the only labor used is one man at 13.5 cents per hour to feed the pitch to the 
rolls. 
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Briquetting. 

At first considerable trouble resulted from improper feeding of the mix- 
ture to the presses, but this has been eliminated by using 400° superheat for the 
steam and then cooling the mixture as it leaves the mixing-tower by means of a 
fan-cooler. An extra elevator had to be built to return the fines which were 
taken out at the lip-screen of the loading-pocket. Labor required, 2 pressmen at 
17.5 cents, and 1 loader at 13.5 cents per hour. Power required, 50 kw. 

The whole plant is operated by 10 men, including the fore- 
man, and the total power-consumption is about 135 kw. The 
hourly production of boulets, or briquettes, from both presses, 
is from 16 to 17 gross tons. 


The Anthracite Board of Conciliation, 

BY SAMUEL D. WARRINEE, WILKES-BARRE, PA. 

(Wilkes-Barre Meeting, June, 1911 ) 

The dealings between concentrated capital inv^ested in the 
conduct of our various industries and the combinations of 
labor known as trade union organizations,” have produced 
not only in the United States, but abroad, many novel methods 
of negotiation between employers and wage-workers. 

The size and strength of these organizations have destroyed 
the personal elements formerly governing the dealings between 
employer and employee, and have produced various forms of 
trade-agreements now in more or less successful operation. 
The difficulty, however, has been to secure consent of both 
parties to an equitable agreement. For this purpose there 
have been devised various forms of arbitration, either compul- 
sory under the shadow of governmental legislation, or voluntary 
by mutual agreement. But these have not been altogether 
successful from a technical stand-point, for the reason that a 
compromise has generally been necessary, and in an efiort to 
reach an agreement, terms have been made which have been 
neither fair nor satisfactory to either of the contending parties. 

The Anthracite Board of Conciliation represents one of the 
few thoroughly successful courts for the settlement of trade- 
disputes, if not the only one which has yet been evolved. The 
prestige of this hoard rests upon its successful treatment of 
the labor-troubles of the anthracite region for a period of 
more than eight years, and upon the fact that it has been able 
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not only to reach, decisions based upon the merits of the con- 
troversies, but to enforce its decisions upon both the employees 
and the employers. It has never been obliged to shape its 
conduct to secure the consent of the contending parties, and 
its decisions have been strictly and, in the main, cheerfully 
observed. 

The remarkable feature of this board has been that it has 
been without authority, except the consent of employers and 
employees to the awards of the Anthracite Coal Strike Com- 
mission appointed by President Roosevelt in 1902, backed by 
the force of public opinion that the procedure established by 
that commission was a just and effective method of settling 
labor-troubles. 

In 1900 the advent of the United Mine Workers of America 
(a bituminous labor organization) into the anthracite region, 
broke a long peace in that region and resulted in a general 
strike which lasted six weeks. This strike was finally settled 
by political interference in a manner satisfactory to neither 
party, and the year of 1901 passed with a feeling of irritation 
on both sides, marked by sporadic strikes, restlessness, and gen- 
eral dissatisfaction. 

In March, 1902, the anthracite workers of the United Mine 
Workers of America met in convention and passed resolutions 
demanding recognition of the union, an increase in wages, an 
8-hr. day, and the payment of contract-miners of coal by 
weight, with notice that after April 1 the miners would work 
only three days per week until the operators would agree to 
their terms. They further appealed to the Ifational Civic 
Federation of New York to assist them in securing their 
demands. 

Fruitless meetings were subsequently held by the operators 
and miners with the Civic Federation, and on May 12, 1902, 
the mine-workers, by resolution of their executive committee, 
inaugurated a strike. On June 2, the engineers, pumpmen, 
and firemen were called out, and, as a result of these orders, 
nearly the entire body of mine-workers to the number of 
150,000 quit work, and remained idle until the strike was 
called off through the ofiBlces of the President of the United 
States on Oct. 23, 1902. 

This strike is perhaps the greatest on record in its duration 
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and the number of men involved. It was marked by turbulence , 
rioting, and bloodshed. The calling-out of the firemen and 
pumpmen made it necessary for the operators to import men 
to save their mines from being flooded, and in the effort to 
protect these men the collieries became armed camps, guarded 
by “ Coal and Iron ” policemen. It soon developed that the 
local authorities were powerless, and finally the National Guard 
of Pennsylvania was called out, and remained in the field until 
the strike was called off. 

The losses of this strike have been calculated to amount to 
$46,000,000 in business to the operators and fully $25,000,000 
in wages to the employees. 

In the fall the danger of a coal-famine became so imminent 
that the President of the United States finally yielded to the 
importunities of the general public and called into conference 
the representatives of the operators and the mine-workers. The 
result of this conference was an appointment by the President 
on Oct. 16, 1902, of a commission consisting of Brig. Gen. 
John M. "Wilson, E. W. Parker, Judge George Gray, B. E. 
Clark, T. H. Watkins, Bishop John L. Spalding, and Hon. 
Carroll D. Wright, Commissioner of Labor, as Recorder. 

This commission came into the anthracite region, visited the 
mines, studied the varying conditions with great care, and later 
heard testimony from the three contending parties — viz., the 
union labor, non-union labor, and the operators. A total of 
658 witnesses was heard, and finally, on Mar. 18, 1903, the 
commission reported to the President its findings. This docu- 
ment proved to be successful in settling the controversy, and 
the Anthracite Board of Conciliation thereby established so far 
has been successful in carrying out the instructions of the 
President, “ to endeavor to establish the relations between em- 
ployers and wage-workers in the anthracite field on a just and 
permanent basis, and as far as possible to do away with any 
causes for the recurrence of such difficulties as those which you 
have been called upon to settle.” 

It is beyond the scope of this article to discuss the various 
awards of the commission, further than to say that they ad- 
mirably met the varying labor and physical conditions of the 
anthracite region, and provided a profit-sharing scheme by 
which wages automatically advanced or declined with the rise 



THE ANTHRACITE BOARD OE CONCILIATION. 


398 


or fall in the price of coal. It is, however, necessary to ex- 
plain the fourth and last demand of the miners, because the 
commission, in making the award under this demand, settled 
what by general consent was the most important of the de- 
mands of the mine-workers, which culminated in the strike ; 
and also because in making an award to this demand the 
commission provided for the Anthracite Conciliation Board, 
which is the subject of this article. This demand read as 
follows : 

“ The incorporation in an agreement between the United Mine Workers of 
America and the anthracite coal companies of the wages which shall be paid and 
the conditions of employment which shall obtain, together with satisfactory 
methods for the adjustment of grievances which may arise from time to time, to 
the end that strikes and lockouts may be unnecessary.’^ 

This was practically a demand for the recognition of the 
United Mine "Workers of America as a labor organization with 
which the anthracite coal companies should deal in contracting 
for their labor. The anthracite companies had consistently 
declined to deal with this organization or recognize it in 
any way. Mr. Mitchell, the President of the miners’ union, 
had so far acceded to the operators’ position that in his appear- 
ance before the commission he acted as the representative 
of the anthracite coal-mine workers, and not in his ofBLcial 
character as President of the United Mine Workers of America. 
The distinction in theory is perhaps finely drawn, but the prac- 
tical effect of it has been far reaching in the methods of dealing 
with labor in the anthracite region. 

In its award to this demand the commission delivered 
what has proved to be an epic among industrial documents, 
setting forth with convincing logic the relations between em- 
ployer and worker, defining their mutual privileges and obliga- 
tions in language which brushed away sentiment and prejudice, 
and providing a method of dealing which has successfully 
withstood the test of eight years of trial. 

Relative to the rights of the three contending parties, viz. : 
the non-union employees ; the union employees, seeking recog- 
nition of their organization and claiming that, if the union 
employees at any mines are in a majority, such majority shall 
have the right and privilege of representing and acting for 
the whole body; the operators, flatly declining to recognize 
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the mine workers’ organization and insisting on the right of 
dealing direct with their own employees: it is sufficient to 
say that the award rejected the claim of the organization for 
recognition, although it favored the practice of collective bar- 
gaining along proper lines; upheld the rights of non-union 
labor, and protected the privileges of employers in dealing 
direct with their employees; and to the end that strikes and 
lockouts may be unnecessary, it adjudged and awarded as fol- 
lows : 

“That any difficulty or disagreement arising under this award, either as to its 
interpretation or application, or in any way growing out of the relations of the 
employers and employed, which cannot be settled or adjusted by consultation 
between the superintendent or manager of the mine or mines, and the miner or 
miners directly interested, or is of a scope too large to be so settled and adjusted, 
shall be referred to a permanent joint committee, to be called a board of concilia- 
tion, to consist of six persons, appointed as hereinafter provided. That is to say, 
if there shall be a division of the whole region into three districts, in each of 
which there shall exist an organization representing a majority of the mine-workers 
of such district, one of said board of conciliation shall be appointed by each of 
said organizations, and three other persons shall be appointed by the operators, the 
operators in each of said districts appointing one person. 

“ The board of conciliation tlius constituted shall take up and consider any ques- 
tion referred to it as aforesaid, hearing both parties to the controversy, and such 
evidence as may be laid before it by either party ; and any award made by a ma- 
jority of such board of conciliation shall be final and binding on all parties If, 
however, the said board is unable to decide any question submitted, or point re- 
lated thereto, that question or point shall be referred to an umpire, to be appointed, 
at the request of said board, by one of the circuit judges of the third judiciul cir- 
cuit of the United States, whose decision shall be final and binding in the premises. 

“The membership of said board shall at all times be kept complete, either the 
operators’ or miners’ organizations having the right, at any time when a contro- 
versy is not pending, to change their representation thereon. 

“At all hearings before said board the parties may be represented by such person 
or persons as they may respectively select, 

“No suspension of work shall take place, by lockout or strike, pending the 
adjudication of any matter so taken up for adjustment.” 

As a result of this award, the Anthracite Board of Concilia- 
tion was first organized in April, 1903, and consisted origin- 
ally of T. D. Mchols, Wm. Dettrey, and John Fahy, repre- 
senting the miners in each of the districts into which the region 
was divided ; W. L. Connell, of Scranton, an individual oper- 
ator; R. C. Luther, of Pottsville, General Superintendent of the 
Philadelphia & Reading Coal & Iron Co., and myself, repre- 
senting the operators. 
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On the death of R. 0. Lather some time later, his place was 
filled by W. J, Richards, the present incumbent. 

On the miners' side, Mr. Nichols, who was elected to Con- 
gress, was succeeded by Adam Ryscavage, who was later on 
succeeded by Benjamin McEnaiiey. Dettrey has been suc- 
ceeded in turn by JohnF. McElheniiey, John J.Waters, Charles 
Gildea, and Thomas Kennedy. 

The early days of the board were stormy. Neither the oper- 
ators nor the miners had learned to meet e.ach other on an equal 
plane, and the method of dealing as laid down by the commis- 
sion was untried. As a result of adjustments of wages and 
labor-conditions made by the operators under the award of the 
commission, a multitude of cases were presented to the board 
for consideration. Technical questions involving methods of 
payment under the terms laid down by the commission were 
raised, which required careful study to determine their merits. 
Many cases of discrimination by employers against the miners' 
union were presented. In the early days of the board th^ 
settlement of these cases, in spite of an effort at forbearance by 
both parties, led to much bitterness and mutual misunder- 
standing. The umpire at first was frequently appealed to for 
decision, and before him the merits of the controversy were 
vigorously argued by the contending factions of the board. 
This state of afltairs gradually changed. The miners began to 
appreciate the desire of the operators' representatives to be fair, 
and in turn became themselves less aggressive, and more ear- 
nest in their desire to be reasonable. The result of this growth 
of mutual understanding has been a steady decrease in the 
number of cases presented to the board for adjustment, and an 
increasing proportion of these cases have been settled directly 
by the board without appeal to an umpire. In addition, an 
increasing number of cases have been settled “ out of court " 
by conference between the district representatives of the Board 
of Conciliation and the parties directly interested. 

Upon organization subsequent to the strike, the Board of 
Conciliation adopted a set of simple rules for the conduct of 
its business, as follows : 

I. If any employee or body of employees have any grievance or complaint 
growing out of the interpretation of the awards of the Anthracite Coal Strike 
Commission or out of the application of said awards, or in any way growing out of 
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the relations of employees and employer, said employee or employees directly in- 
terested shall present such grievances to the foreman directly in charge of the 
mine. 

2. If there shall be a disagreement with the foreman, or a failure on the part 
of the foreman to satisfactorily adjust such grievances, the employee or employees 
directly interested, or a committee of same, shall request an interview with the 
superintendent or manager of the mine or mines for the purpose of adjusting said 
grievances. 

3. In case of failure to arrive at a satisfactory adjustment of grievances, the 
employees shall present in writing such grievances to the member of the Board of 
Conciliation representing the district in which the mine or mines are located, 
stating fully the grievance which they desire to have adjusted, and offering satis- 
factory proof that efforts have been made to arrive at an adjustment with the su- 
perintendent or manager of the mine or mines. 

4. In case of a failure on the part of the superintendent or manager of the mine 
or mines to grant an interview with the employee or employees within ten days, 
said employees may present in writing to the member of the Board of Conciliation 
representing their district proof that they have made reasonable efforts to secure 
such interview. In such case the Board of Conciliation, or the members of the 
board representing the said district, will endeavor to secure for them an interview 
with the superintendent or manager of the mine or mines in question. 

5. The boai d will act upon the grievances presented to them in accordance with 
the above mles by notifying the company or operator with whom such difficulty 
or disagreement may arise, and requesting from him a statement setting forth 
his reasons for not adjusting such difficulty. After receiving such statement the 
board will, if necessarv, at its discretion, request the presence of both parties to 
the disagreement for a full and complete hearing of the case. 

6. In case of any complaints op grievances which may arise on the part of em- 
ployers, the said employers having such grievance may present the same to the 
member of the Board of Conciliation representing the district in which the mine 
or mines are located, and the board will receive such complaints and call for a 
statement from the employees of said mine or mines relative to the reasons for 
such complaint or disagreement, and if in its judgment such action is necessary, 
will request both parties to the issue to be present for a hearing of the case 

7. Inasmuch as the Anthracite Coal Commission in their award liave provided 
that no suspension of the work shall take place pending the adjudication of any 
matter brought before the board for adjustment, and to the end that no strikes or 
lockouts shall be necessary, the Board of Conciliation will not take up and con- 
sider any question referred to it unless the employees shall remain at work, with 
the understanding that if the said board shall decide that the grievances are justi- 
fiable, the adjustment shall be retroactive 

8. Whenever there is an accumulation of cases presented to it for decision, the 
board shall continue in session until such cases are disposed of so far as prac- 
ticable. 

9. It shall be the duty of the respective representatives of the operators and 
miners in each district to endeavor to settle grievances before they are formally 
presented to the board, but failing to do this, the grievance shall be filed with the 
secretary of the board, who shall thereupon send out a copy of said grievance to 
each member of the board, and also a copy to the defendant, with a request for an 
answer thereto as soon as possible. 

10. The board will then set a date for the hearing of said grievance, and notifi- 
cation will be sent to both parties of such date and place of meeting, at which testi- 
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moiiy will be taken. It will be incumbent on both parties to appear, unless 
excused by the board for sufficient cause. 

11. In case a complainant fails to appear, or fails to corroborate his statement 
of the grievance by sufficient testimony, the case will be promptly withdrawn from 
before the board, so that the files of the board may be cleared. 

12. In case a defendant fails to appear or fails to present a defense, the board 
will assume as correct the statement of the grievance and testimony thereto as 
made by the complainant 

13. If a grievance is withdrawn or not sustained for lack of sufficient evidence, a 
similar grievance may be filed subsequently with the board without prejudice, it 
being understood that the retroactive rule of the board in the adjustment of such 
grievance shall date from the filing of the grievance which is subsequently sus- 
tained. 


One. of the most important features of these rules was a 
provision for the retroactive settlement of grievances. The 
effect of this was to allow plenty of time for the consideration 
of grievances, and in case a grievance was found to be justified 
and it involved a loss of pay to the employee, the settlement 
started with the date at which the grievance was formally pre- 
sented to the Board of Conciliation. 

Many of the decisions of the Board of Conciliation have pro- 
vided for this retroactive feature, and the effect of it has been to 
impress upon the employees the uselessness of strikes, and the 
certainty, in case the grievance for which they were complain- 
ing was justified, that the settlement would take effect without 
loss of time. To the Conciliation Board it was equally import- 
ant in giving it plenty of time to consider the case thoroughly, 
and in many instances a much fairer solution was reached after 
the bitterness of the grievance was somewhat lessened. 

The hearings of the board are conducted in a somewhat 
informal manner as compared with court procedure. The wit- 
nesses (many of whom are foreigners) are allowed as great 
latitude as possible in the statement of their troubles, and 
although the general rules of the board have been lived up to, 
yet it is the practice of the board not to confine itself strictly 
to technicalities, viewing the broad merits of the case, in an 
effort to arrive at a decision fair and just to both contending 
parties. This course has been beneficial to the general labor 
situation. In many instances men have come before the board, 
filled with grievances which have aroused their passions, and 
unable to listen to the position of the other party, and after the 
heat of passion has cooled off, are often quite willing to admit 
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that their original position was hastily taken, and that the posi- 
tion of their opponents was in a sense justified. One case in 
particular may be cited as illustrative : that of a man work- 
ing for one of the larger anthracite companies, who presented 
a grievance to the board, and whose testimony was later heard. 
After an hour or more of listening to his testimony, it devel- 
oped that the man was suftering from a general feeling of 
irritation, but had no specific demand to make, and he was 
flatly asked just what he wanted of his employer. His an- 
swer was: don^t want anything; I just came before you 

people to show the venomy with which I was treated; I have a 
better job now than the one at which I was working, and 
would not go back to work under any condition.’’ He later 
left the board in good humor. This case is cited as illustrative 
of the puerile causes which sometimes have led to general 
strikes. Until this man’s testimony was heard by the board, 
he had been a trouble-breeder at the colliery, and a general 
feeling of irritation was present among the employees. 

The authority of the board has been severely tried by im- 
portant cases involving questions of wages and discipline, at 
not only individual collieries, but groups of collieries operated 
by the larger companies, and in one or two instances, in spite 
of the rules of the Conciliation Board and of the Anthracite 
Coal Strike Commission, serious strikes of short duration have 
occurred. Perhaps the most serious one in the history of the 
board was that of the employees of the Pennsylvania Coal Co., 
which involved 10 collieries of that company. At these col- 
lieries the payment for the mining of coal by contract-miners 
was made by weight, under an old basis in vogue in the region 
for many years, known as the ‘^miner’s ton,” amounting to 
about 2,700 lb., which represented the number of pounds of 
raw product which was necessary to make one ton of coal of 
the prepared sizes of chestnut and larger shipped to market, 
the miner being paid a fixed sum for this amount. Owing to 
changes in trade-conditions, the miners believed that they 
were treated unfairly in the calculation of the “ miner’s ton,” 
and on account of there happening to be a large percentage of 
ignorant Italian labor at these collieries, local agitators got to 
work among them, and, in spite of the ejBforts of the company, 
a bitter strike resulted. For a time it looked as if this strike 
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might spread throughout the regiouj but the matter was finally 
settled through the influence of the Conciliation Board. After 
an agreement to submit the differences to the Conciliation 
Board had been secured, the matter was amicably adjusted by 
the board after a full hearing of testimony from both sides. 

Up to date, a total number of 192 grievances have been pre- 
sented to the board. Of these, 180 grievances are of employee 
against employer, 1 grievance of employee against labor or- 
ganization, and 11 grievances of employer against employee. 
Statistics show that on the employee vs. employer grievances, 
the following action was taken: Sustained, 15; not sustained, 
83; settled by agreement of parties, 31; partly sustained, 31; 
no jurisdiction, 9; withdrawn for lack of sustaining testimony, 
62; pending, 9. Of the employer vs. employee grievances, 2 
were sustained, 1 settled by agreement of parties, 6 with- 
drawn, 1 no jurisdiction, and 1 is pending. Altogether, 25 
cases have been referred to an umpire, as provided by the 
commission. 

In the early years of the board a great many grievances 
were cases of discrimination for or against labor unions. Under 
the award of the Anthracite Coal Strike Commission, the 
equality of labor, whether union or non-union, was maintained, 
and it was adjudged that there should be no discrimination 
for or against labor unions. Troubles between foremen or 
superintendents, who were sometimes too antagonistic against 
labor unionists, and employees who were too radical or insist- 
ent in enforcing union methods in the deajings between em- 
ployers and employees, produced many of these cases, and 
finally led to a decision of the Board of Conciliation which 
sustained the absolute right of the employer to hire or dis- 
charge his labor, provided there was no discrimination because 
of membership in a labor organization. From the time of 
this decision a great many of the cases of alleged unjust dis- 
charge, in which the discharged employee believed that he 
was discharged on account of membership in a labor organi- 
zation, ceased, and for several years no cases of this kind have 
been presented to the board. 

In the later years of the board the majority of cases have 
related to the subject of wages. The award of the Anthracite 
Coal Strike Commission provided for a schedule of wages 
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which, would be unchanged, provided the conditions of labor 
were to remain unchanged. This agreement was reaffirmed 
in conference between the operators and miners three years 
and six years later. The anthracite region, however, is sub- 
ject to varying conditions of labor, especially with contract- 
miners, and in this respect is very different from the bitumi- 
nous region. The result is that hardly two collieries have the 
same method of adjusting wages. The seams of coal pitch at 
all angles from flat to vertical and vary greatly in thickness 
and quality. The conditions are constantly changing, not only 
on account of the greater extent of the workings, but also on 
account of new seams being opened up and mined. On account 
of these new conditions of employment, it has become one of 
the most important functions of the Board of Conciliation to 
adjust the terms of payment, so that the wage-earning capacity 
of the employee may remain unchanged. In other -words, so 
that for the same unit of labor be may receive the same unit of 
price as formerly. This, of course, is a very easy matter if 
conditions are unchanged, but with the opening up of new 
mines and new work it has become necessary to establish new 
prices for mining coal and for yardage, as well as to provide 
proper adjustments for impurities in the seams, and in many 
instances the Board of Conciliation has been called upon to 
fix new prices for work of this description, and in fact adjust 
the entire wage scale at new collieries, so that these prices and 
•wages may compare equitably -with corresponding work in that 
region. The proper consideration of these grievances has re- 
quired the Board of Conciliation not only to hear complex tes- 
timony, but also to visit the mines and study the conditions 
upon the ground. 

After eight years of experience, the work of the Conciliation 
Board may be summed up as follows : 

From the operator’s stand-point it has been a good business 
investment in securing for him freedom from losses due 
to strikes, and protection from extravagant demands of his 
employees. 

It has also provided the operator with a channel by which 
he can more readily reach the heterogeneous class of em- 
ployees of many nationalities and speaking many languages 
which now find employment in the anthracite region. The 
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miners, through their organization, can control this class to 
better advantage and prevent many troubles which are pri- 
marily due to feuds and disturbances among the men them- 
selves. 

From the stand-point of the non-unionist, the results are bene- 
ficial in that it has secured for him freedom from the tyranny 
of labor organizations, full protection for himself and family, 
and absolutely fair and equal treatment as compared with 
unionists. 

From the stand-point of the labor unionist the results have 
not been, jierhaps, as satisfactory as he would wish. Organi- 
zations of the character of the United Mine Workers of Amer- 
ica, having in their ranks members speaking different lan- 
guages and made up so largely of foreigners, thrive largely on 
agitation, and it is only at times of strikes that the leaders are 
able thoroughly to coalesce the men together and secure from 
them payment of dues. The peaceful conditions which have 
prevailed in the anthracite regions for so long have not been 
conducive to a strong membership in the union, the men feel- 
ing that they are protected in their employment regardless of 
their membership in a union, and, with natural economy, are 
loath to continue the expenditures necessary to renew their 
membership. While this condition is of advantage to the oper- 
ators in giving them the benefits of an organization with which 
to do business, and at the same time keeping this organization 
within the bounds of reason and preventing it from becoming 
radical on account of its very strength, yet from the stand- 
point of the miners^ representatives there has been more or 
less serious complaint regarding the injustice of their being 
asked to represent the whole body while they are paid only 
by their own constituents. The result of this is that at 
times the miners’ representatives on the Board of Conciliation 
have had great dfficulty in securing the co-operation of their 
constituents in carrying out the decisions of the board and 
have had occasionally to go to great lengths to prevent trouble. 
Yet all in all, taking into account the ignorant condition of 
many of the employees, and the great danger to the trade that 
would ensue if this heterogeneous mass were to secure a 
strength that would come with a larger membership and treasury, 
with the inevitably resulting exorbitant demands and strikes 
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that would occair, it cannot be denied that from the stand-point 
of the public the work of the Ooncilialioii Board has been 
beneficial in securing a period of peace and prosperity uninter- 
rupted by danger of coal-famine due to strikes, and in general 
all of the benefits which come from an even regulation and 
conduct of the business. The local merchant and landlord, 
and even the local press, influenced as it is by the necessity of 
catering to the labor element, have unanimously indorsed the 
board as a potent influence in preserving the regularity of 
payroll disbursements, in keeping good order, and in further- 
ing industrious habits and more peaceful conditions. As a 
result of such indorsements the public demand has largely 
strengthened the authority of the board in its work, and pre- 
vented so far any successful move for its abolition by the radi- 
cal elements. 


Lead-Smelting in the Ore-Hearth. 

BT J. J. BEOWN, JR.,* WILBTJRTON, OKLA. 

(Wilkes-Barre Meeting, June, 1911.) 

The ore-hearth was the earliest type of furnace used in 
smelting Mississippi Valley lead-ores, which are very pure, and 
low in silver-content. The first smelters made no attempts to 
recover lead from the smoke; and since about 16 per cent, of 
the lead in the charge escaped in this manner, early practice 
with the hearth was decidedly wasteful. At most of the large 
smelting-plants blast-furnaces with auxiliary roasters were sub- 
stituted for the hearths long ago. But, upon the introduction 
of the Lewis and Bartlett bag-process for collecting fume, the 
ore- hearth was used by companies engaged in the manufacture 
of pigments, simply on account of the large percentage of fume 
made by it. In fact, the extraction of lead was kept down by 
the use of hot blast and other devices. 

During recent years, however, several smelting companies 
have realized that the preliminary roasting of galena for the 
blast-furnace is not economical, and have, therefore, replaced 
the roasting-furnaee with a modification of the old Scotch 
hearth, in which a large percentage of the lead in a charge is 

* Head of Department of Ore Dressing and Metallurgy, Oklahoma School of 
Mines and Metallurgy, Wilburton, Okla. 
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recovered directly as pig-lead, ivhile the remainder passes 
partly into fome and partly into slag low enough in sulphur to 
be charged into the blast-furnace without further treatment. 
The results obtained have proved so satisfactory, both as to 
recovery and operating-expense, that one eminent metallurgist 
has predicted the universal use of the ore-hearth on non- 
argentiferous ores. 

The ore-hearth, thus employed as an adjunct to a blast-fur- 
nace plant, is rather a desulphurizer than a smelting-furnace 
proper, — the chief object being to make a blue Slag suitable for 
the cupolarfurnace. Hence, no special care is taken to obtain 
from it a large lead-extraction. 

But the Granby Mining & Smelting Co., at Granby, Mo., 
having no blast-furnace to handle the slag produced (which it 
sells to other smelters), aims to obtain a large lead-extraction, 
and a slag carrying the minimum percentage of lead. To pro- 
mote this end, the smelter-men are paid in proportion to the 
number of pounds of metallic lead which they produce from 
a given charge. 

The total charge per hearth per day weighs 14,000 lb., and 
consists of galena-concentrates and blue and white fume, in 
variable quantities. The blue fume is collected in a steel 
chamber adjoining the line of hearths, while the white fume is 
filtered in cotton bags by the Lewis and Bartlett process. 

When I went to Granby, about five years ago, the plant 
was equipped with the old water-backed Scotch hearths, 2 ft. 
wide, burning charcoal as fuel, and smelting 14,000 lb. of 
charge in about 14 hr. This period was divided into two 
shifts, four men to the shift, who worked in pairs, relieving 
one another every 15 or 20 min. Two yard-hands supplied 
five furnaces with their charges, fuel and lime, and removed 
the pig-lead as molded. 

The smelters were required to convert into pig-lead 70 per 
cent, of the galena charged, 50 per cent, of the white fume, and 
40 per cent, of the blue fume. For each pound of lead made 
in excess of these percentages, they were allowed one cent 
(divided among eight men), in addition to their daily wage of 
$2. If their extraction fell under the above-named percent- 
ages, they were penalized in like proportion. 

Under this system' a very high extraction in metallic lead — 

VOL. XLII. — ^24 
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averaging about 85 per cent, of tbe lead-content of tlie charges 
— was obtained. Only about 2 per cent, went into the blue slag, 
while the remainder was recovered as fume, and resmelted. 
Having formed the opinion that it would be advantageous 
to sacrifice a little in high initial extraction, and thereby to re- 
duce materially the cost of smelting, I obtained permission 
to experiment on a 5-ft. air-backed Jumbo hearth, which had 
been abandoned as less efidcieiit than the Scotch hearths. The 
results were so satisfactory that all the Scotch hearths have 
since been repfeced by Jumbos, ivhich have not only proved 
more profitable to the company, but also permit the workmen 
to earn a third more wages with a third less work in hours. 

The percentages required of the smelters were changed to 
65 per cent, for galena, 60 per cent, for white fume, and 50 
per cent, for blue fume, based on the weight of charge, the 
excess or deficiency on these percentages, as the case might be, 
being divided among four, instead of eight men, as formerly. 

The lead-extraction for the six months ending Dec. 31, 1906, 
based on the lead-content of the charges, proved to be only 2 
per cent, less on the Jumbo hearth than on the Scotch hearth. 

In view of these facts, and also of the use of the cheaper fuel, 
— bituminous coal, instead of charcoal — the following state- 
ment, based on results obtained during the aforesaid six months, 
will be readily understood. 

Results on Three Jumbo JJearths. 

Lead-content of 5,425,000 lb. of galena-concentrates, white 

and blue fume, and dry bone smelted, ...... 4,304,369 lb. 

Material recovered: 

Pig-lead, 3,568,112 lb. at $5.80 per cwt., $206,950.50* 

Slag (38.8 per cent. Pb), 296,500 lb. at 1.60 per cwt., 4,744.00 

White fume, .... 677,300 lb. at 4.00 per cwt., 27,092.00 

Blue fume, 190,404 lb. at 3.50 per cwt., 6,664.14 


Total, $245,450.64: 

•Value of recoveries per 1,000 lb. of materials smelted, $45.2443 
Smelting-expense : 

Labor (smelters, yard-hands, etc.), $5,921.80 

Fuel (1,552 bu. charcoal at 8. cents, and 4,313 bu. stone coal 

at 10 cents), 555.46 

Lime (614 bu. at 20 cents), 122.80 * 

Total, $6,600.06- 

Cost per 1,000 lb. of materials smelted, $1.2166 
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Results on Two Scotch Hearths. 

Lead-content of 3,591,000 lb. of galena-concentrates, white 

and blue fume, and dry bone smelted, 2,848,942 lb. 

Materials recovered : 

Pig-lead, 2,462,212 lb. at $5.80 per cwt., $142,808.29 

Slag (39.4 percent. Pb), 189,6501b. at 1.60 per cwt., 3,034.40 

White fume, .... 340,170 lb. at 4.00 per cwt., 13,606.80 

Blue fume, 95,6361b. at 3.50 per cwt., 3,347.26 


Total, $162,796 75 

Value of reco\eries per 1,000 lb. of materials smelted, $46.3346 
Smelting-expense : 

Labor (smelters, yard-hands, etc.), . , $5,044.45 

Fuel (10,122 bn. charcoal at 8 cents), 809.76 

Lime (352 bu. at 20 cents), 70.40 

Total, $5,924.61 

Cost per 1,000 lb. of materials smelted, ..... $1.6496 


Comparing the expenses and recoveries of the two types of 
ore-hearths, as detailed in the above statement, we find that 
there was an advantage in favor of the Jumbo hearth of 
fO.8427 per 1,000 lb., or $0.6854 per ton, of material smelted, 
or more than $1,200 per hearth per year. This does not in- 
clude the decreased engine-room and bag-house expense, of 
which I will speak later. 

In order that the above comparison should be correct in full, 
precautions were taken that the charges on all hearths, both 
Scotch and Jumbo, were identical each day during this period. 

It will be observed that the amount of lead converted into 
blue slag was practically the same for each type of hearth, the 
difference being less than 1,000 lb. per hearth for the entire 
six months. 

Another important economy of the Jumbo hearth is, that it 
permits a charge to be smelted in much less time, and thus saves 
labor and expense as regards water, blast, and the bag-house. 
The difference at Q-ranby was found to be from 4 to 5 hr. a 
day. This is due to the larger fire-area of the Jumbo hearth. 
The larger the hearth, the more material can be smelted at one 
time, providing the smelter-men are able to perform the in- 
creased amount of work entailed. 



406 


LEAB-SMBLTING IN THE ORE-HEARTH. 


It was found that a higher extraction was obtained on the 
4-ft. than on the 5-ft. hearth, for the reason that the latter had 
a little too much fire to be worked to advantage, although it 
required less time to run out a charge. 

The advantage of the water-back over the air-back is two- 
fold. Accretions are much less likely to form on the water- 
back; and it has a tendency to hold down the percentage of 
lead passing off as fume ; or, as we say, it “ burns up less lead.” 
The air-backed furnace has the same kind of effect in this re- 
spect that a hot blast would have, although to a less degree. 

The results in smelting “ dry bone,” or cerussite, are much 
more satisfactory on the larger furnaces ; in fact, the company 
had ceased smelting it until they were installed. This may be 
accounted for by the fact that the carbonate ore required for 
reduction more heat than galena; and a hotter fire can be main- 
tained on this furnace than on the old type. 

The shape of the basin seems to make considerable differ- 
ence in obtaining a high extraction of lead. The usual pat- 
tern has a front sloping about 65° ; but I believe that if the 
front is vertical, the browse does not pile up so much at the 
edge of the working-hearth, and the work of the smelters is 
lighter. At least, this has been the experience at Granby. 

The following statement shows the actual smelting-results 


for the six months 

period ending Dec. 31 

1906 : 



Materials Smelted, 



Material. 

Founds. 

Lead. Water 

Per Cent Per Cent. 

Lead-Content 

Pounds 

No. 1 mineral, . 

. 7,717,650 

82.4 

1.909 

6,237,942 

White fume, . . 

910,200 

72.8 

Dry 

662,625 

Blue fume, . . 

269,600 

67.3 

Dry 

174,711 

Dry bone, . . . 

128,550 

63,1 

3.8 

78,033 

Total, . . . 

. 9,016,000 



7,153,311 


Materials 

Recovered, 



Material. 

Pounds. 

Lead, Water 

Per Cent. Per Cent. 

Lead-Content. 

Pounds. 

Pig-lead, . . . 

. 6,030,324 



6,030,324 

White fume, . . 

. 1,017,470 

72.8 

Dry 

740,718 

Blue fume, . . 

286,040 

67.3 

Dry 

192,505 

Slag, Scotch hearth, 

189,650 

39.4 

Dry 

74,722 

Slag, Jumbo, . . 

296,500 

38.8 

Dry 

116,042 

Total, . . . 

. 7,819,984 



7,153,311 
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It will be observed that all of the lead was recovered, ex- 
cept 2.653 per cent, which entered the blue slag. Or, to be 
more exact, the total lead-content of the charges smelted was 
distributed as follows ; 


Eecovered directly as pig-lead, 
Becovered directly as white fume, 
Eecovered directly as blue fume, 
Eecovered directly as blue slag, 


Per Cent 
84.301 
10.355 
2 691 
2.653 


100.000 


As already observed, the Granby Co. sells its blue slag to 
the highest bidder, having no slag-eye, or shaft-furnace, in 
which to smelt it ; but we may safely assume that not more 
than 0.5 per cent, of the lead in this slag is finally lost in its 
re-treatment. On this assumption, we find that only 0.132 per 
cent, of the lead in the original charges was lost; in other 
words, the total extraction was 99.868 per cent. 

It should be emphasized that, in order to obtain this high 
extraction, the cost of smelting was not increased out of pro- 
portion to the amount of lead saved. This item, exclusive of 
the cost of smelting the slag, was |3.95 per ton of charge 
treated. For each ton of charge there was 0.02105 ton of 
blue slag produced, and this slag can be smelted for $4.50 per 
ton, or $0,095 for the quantity named. Hence the total cost of 
treatment would be only $4,045 per ton. This figure could be 
much reduced if smelting were conducted on a larger scale. 

Naturally, the heat is intense in front of the hearth — 
more so on the large Jumbos than on the smaller Scotch 
hearths ; and therefore a blast of air is kept continually play- 
ing on the backs of the smelter-men. There is some difference 
of opinion as to whether this air-blast should be delivered near 
the fioor, and allowed to ascend, or whether it should be deliv- 
ered above the heads of the workmen and directed downward. 
I hold the former opinion, believing that the cooler air from 
the blast-pipe, if delivered near the floor, tends to lift the 
heated air away from the workmen, while a downward blast 
tends to hold the hot air where it is least desired. 

Some ores are much more difficult to smelt with a good ex- 
traction than others. They require hotter fire, more labor in 
stirring the fire, etc. Therefore, it is necessary for the work- 



408 


LEAD-SMELTING IN THE OEE-HEAETH. 


men to be able to regulate the blast to suit themselves. The 
blast-pressure is seldom greater than 12 oz. in any case. 

Much better results can be obtained from coarse than from 
fine ore, since it is not so readily blown or drawn into the trail. 
If the ore be too coarse, however, it remains too long on the 
fire before fusion. Pea-sized is more satisfactory than any 
other. 

When a proportion of dry bone ” (lead carbonate) is to be 
treated, it is advisable to reserve this material until all of the 
galena and fume has been smelted, and then, when the furnace 
is hottest, run it through as quickly as possible, because, unless 
a great deal of fuel is used, the fire soon cools. This is due to 
the absence of sulphur in the carbonate, and to the negative 
heat-reaction of its reduction. 

The greatest objection to the employment of ore-hearths in 
lead-smelting is, that the furnaces are too small to permit the 
workmen to treat a large quantity of ore. The only way to 
overcome this drawback is to employ mechanical means to 
work the fire. 

Since writing the foregoing paper, I have secured letters 
patent from the United States and the Dominion of Canada 
for a furnace in which the fire is worked mechanically, by 
means of rakes or rabbles. This furnace may be from 10 to 
20 ft. wide, instead of from 20 in, to 4 ft., like those now in 
use ; and it can be operated by one-half the number of men 
required by the small hearth. Moreover, by virtue of the in- 
creased hearth-area and daily capacity, the amount of fuel per 
ton of ore will be proportionally decreased. These several 
factors should effect an economy of at least $1 a ton over the 
results as outlined above. 

At some future time I may be able to report the results of 
commercial practice with this invention. Meanwhile, for the 
information of those members of the Institute who may desire 
to study its form and principle, I refer them to U. S. Patent 
!N’o. 888,582, dated May 26, 1908, for ‘^Boasting and Smelting 
Furnaces,"^ and to the Canadian patent Ifo, 118,913, dated 
June 15, 1909. 
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The Caddo Oil- and Gas-Field, Louisiana. 

BY WALTER E. HOPPER, ITHACA, N. Y. 

(Wilkes-Barre Meeting, June, 1911 ) 

1. Location and Extent. 

The Caddo oil-field, shown in Fig. 1, is located in Caddo 
parish, northwestern Louisiana. The known producing terri- 
tory of oil is covered by townships 19 IST, 20 1^, 21 N, 22 ]Sr, and 
ranges 15 and 16 W., shown in Fig. 2. The center of the field 
may be taken as Oil City, 24 miles north of Shreveport, on the 
Kansas City Southern railway. Shreveport is the second 
largest city in the State, and is the connecting point of five rail- 
road-lines. Drilling at the present time, however, is going on 
all over northern Louisiana, especially in Caddo and the neigh- 
boring parishes. During the winter of 1908-09 I spent four 
months in the Caddo field, under the direction of the Louisiana 
Geological Survey and the TJ. S. Geological Survey. 

11. History and Development. 

Katural gas escaping at the surface is found at numerous 
places in northwestern Louisiana. At Shreveport, the plant of 
the Shreveport Ice & Eefrigerating Co. has been lighted by natu- 
ral gas for 20 years. The well was drilled for water, but was 
abandoned on account of the gas. A test well, put down in 
1905 near the western limits of Shreveport, was driven to 1,650 
ft., and encountered indications of gas and oil at various depths, 
but did not succeed in finding enough to be profitable. Atten- 
tion was fi[rst attracted to the Caddo field in 1895 by indications 
in water-wells from 40 to 60 ft. deep, in which the pressure of 
natural gas was noticeable. This indication of gas in a shallow 
well led to the drilling of the first well in the Caddo field, the 
old Savage Brothers & Morricell, or the Caddo Lake Oil and 
Pipe Line No. 1. The rig for this well was erected in May, 
1904, and drilling began in June, 1904. The well was bailed 
Mar. 23, 1905, with a small amount of oil. It was deepened 
July, 1905, and converted into a “gasser’^ Jan. 3, 1906. It 
was abandoned January, 1907. 

In consequence of the finding of oil in the Savage well, drill- 
ing-operations were pushed with energy; and in April, 1905, 
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four wells were drilling. Great trouble was experienced with 
gas blow-outs and several of the rigs were shut down. Diffi- 
culty in obtaining wood for fuel during bad weather led to the 
abandoning, so far as oil was concerned, of the Producers’ 
No. 1, which was then used to supply fuel-gas to the various 
drilling-rigs in the held. 



From BiUletin No , 8, Louisiana Geological Survey (1909). 

Fig, 1. Map Showing Location op Caddo Field in Eefebence to the 

Sabine Uplift. 


On the afternoon of May 7, 1905, the Producers’ No. 3 blew 
out. The roar of the gas was heard 14 miles away. On the 
afternoon of May 8 the ground near the hole caved in, taking 
with it a steam engine, a rotary drilling-rig, a 70-ft. derrick, a 
hoisting-drum and steel cable, two Gardner pumps (10 by 6 by 
10 in.), a tool-house (10 by 12 ft.) with full assortment of tools. 
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From JBuUetin No. 8, Louisiana GeologicaZ Survey (1909). 


Vivian region : Little oil, heavy ; much gas. Nacatoch horizon. 

Lewis region ; Little oil, heavy ; much gas. Nacatoch horizon. 

Pine Island ; Gas from the Nacatooh sands ; heavy oil and gas from the Woodbine. 
Oil City, Sections 1 and 12 : Gas from the Nacatoch, Austin, and Woodbine ; 

light oil from the Austin, locally ; heavy oil from the Woodbine. 

Oil City, south of, Sections 13 and 18 : Gas in the Nacatoch and Woodbine ; light 
and heavy oil in the Woodbine. 

Mooringsport : Gas in the Nacatoch and Woodbine ; light oil in the Woodbine, 
Sections 26, 25, and west 1-2 of Section 80. 

James Bayou, west : Light oil in the Woodbine. Gusher territory. 


Fig. 2,— Outline-Map op Caddo Field, Showing Struotubb and 
Areas OF Greatsst Development. 
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150 ft. of lO-in. casing, 400 ft. of 8-in. casing, 1,600 ft. of 6-in. 
casing, and 1,600 ft. of 4-in. drill-pipe. A new location was 
immediately made 300 ft. NB. of tlie blow-out. 

Drilling progressed slowly on account of the blow-outs. On 
June 18, Producers’ No. 2 was lighted, the flames rising 100 ft. 
In July, 1905, one gas- and one oil-well were producing, eight 
were drilling, and seven new rigs w’ere up. On Oct. 12, 1905, 
the contract was made to lay a 6-in. gas-line 23 miles long, ex- 
tending from the Caddo field to Shreveport, La. Four good 
“ gassers ” were then producing. In November, Producers’ 
No. 3 blew out, and in December it caught fire, producing simi- 
lar results to Producers’ No. 2, which was on fire from June to 
November, when it choked up and died out. On Dec. 31, 1905, 
four “ gassers ” had been completed in the field ; two wells had 
been completed for oil, but were not producing ; three had 
been drilled and’ abandoned ; three were drilling ; and six loca- 
tions had been made for new holes. 

In February, 1906, the Citizens’ Oil and Pipe Line No. 1, in 
the south end of the G-ilbert farm, blew out, throwing mud and 
water from the hole, 10 ft. wide on the outside of the casing, 
100 ft. into the air. Pure gas in strong force came out of the 
6-in. pipe. The well finally engulfed derrick, etc., and con- 
verted itself into the well-known oil-and-gas geyser. The well 
was set on fire and is still burning. 

In the early part of 1906 the 6-in. gas-line from Caddo to 
Shreveport was completed. On May 24, natural gas from the 
Caddo field was made available for domestic consumption. The 
daily consumption in Shreveport was about 5,000,000 cubic feet. 

During the latter part of the year several wells were drilled 
on Pine Island. In December, Producers’ No. 1 on Pine 
Island was making 250 barrels. A site for a pump-station and 
tank-farm was acquired at Caddo City, and the laying of a 6-in. 
pipe-line to Pine Island, about 2.5 miles, was begun. Loading- 
racks were erected on the Kansas City Southern railway. The 
first car-load of Pine Island crude oil was shipped from Caddo 
City to the refinery at Port Arthur on Dec. 13. Seven cars, 
or 1,510 barrels, had been shipped up to the close of December. 
The Caddo field produced 4,650 barrels in 1906. Several good 
“ gassers ” were also completed during the year. 

Considerable drilling was done on Pine Island and north of 
Oil City during the early part of 1907. On May 23, a deep oil- 
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well near tlie old Savage well was brought in, producing 100 
barrels flowing. In June, 1907, there were ten big and one 
small gassers completed in the field. The ten wells varied 
in capacity from 8,000,000 cu. ft. to 25,000,000 cu. ft. ; the 
aggregate daily capacity of the ten was put at 143,000,000 
cu. ft. On Sept. 14, 1907, a second gas-line from the Caddo 
field to Shreveport was completed. During the year 1907 
eight producing wells, 11 “ gassers,” and four dry holes were 
completed, and nine holes were abandoned. 

The year 1908 marked great activity in the Caddo field. 
Wells were put down north, south, and east of Oil City. In 
the spring an 8-in. gas-line was started from the Caddo field to 
Texarkana, Tex., a distance of 56 miles. In April, ten wells 
were flowing and producing oil. Several good gassers ” had 
been brought in at Dixie, La., 6 miles SE. of Oil Cit 3 ^ 

Mooringsport, 4 miles south of Oil City, was opened up with 
gassers,” and the Hostetter "No. 1 in April. On May 11, 1908, 
the 0. Gr. Dawes Trustee ISTo. 1 blew out ; the gas caught fire, 
and the well burned until Peb. 12, 1909. 

A good oil-well was drilled in ” on Pine Island in May, 
1908, and several were drilling. The field was considerably 
extended by the bringing in of a 50,000,000-cu. ft. ^‘gasser” 
at Lewis, 4 miles north of Oil City, in July. Development was 
also started at Vivian, La., 10 miles north of Oil City. In Sep- 
tember, the best well yet completed in the field was brought in. 
This is the Producers’ Lane !N"o. 1, south of Oil City. It yielded 
from 2,500 to 8,000 barrels a day at the start, and produced 

1.000 barrels dailyfor several months. In December, the Gulf 
Refining Hostetter ISTo. 2 was brought in, producing 300 bar- 
rels, and calling everybody’s attention to Mooringsport. On 
Dec. 15 there were 25 wells drilling. During the year 1908 
Caddo completed 43 producing oil-wells, eight gassers,” and 
seven dry holes; and two holes were abandoned. 

In 1909 the output of the Caddo field was 985,226 barrels, as 
compared with 499,937 barrels the year before. In J anuary the 
production averaged 2,177 barrels a day, and it gained at in- 
tervals until in ISTovember, when a deep well in new territory, 5 
miles SrW. of the nearest producers, came in, flowing more than 

3.000 barrels a day of 40-gravity oil, the output went up to 3,711 
barrels a day. During 1909 a 6-in. pipe-line was laid from the 
Caddo field to a refinery on Grigsby’s Island, south of Shreveport. 
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During the year 1910 almost international attention was at- 
tracted to the Caddo field because of a number of large gushers 
of high-grade oil. During the year nearly twice as many wells 
were completed, with an initial fiow almost 16 times as great 
as in 1909. The total production during 1910 reached 5,680,000 
barrels. For several months it was maintained at a rate of 

20.000 barrels a day, but at the close of the year it declined to 

14.000 barrels a day. 

Three pipe-lines were laid from the field to the Gulf and to 
the Mississippi river. The Standard Oil Co. of Louisiana estab- 
lished a trunk-line connection with the field to the refining- 
plant at Baton Kouge. Late in the year the Gulf Pipe Line 
Co. installed a 6-in. line from the west side of the field con- 
necting with its 8-in. Oklahoma trunk-line to Port Arthur. 
The Texas Co. completed an 8-in. line direct from Shreveport 
to its large station at Garrison, Tex. This company also estab- 
lished a storage-tank farm near Shreveport, where more than 

1.000. 000 barrels was accumulated prior to the completion of 
the pipe-line. Late in 1910 the Standard Oil Co. took over 
the holdings of the J. 0. Trees Oil Co., at a price believed to 
be about |4, 500,000. Prospecting is going on in every direc- 
tion to discover more gusher territory of the light paraffin oil. 

Final arrangements have been made for the natural-gas line 
from the Caddo field to St. Louis, and the work preliminary to 
construction is now under way. A 20-in. line is contemplated, 
and it is the plan to lay it as nearly on an air-line as possible, 
in order to save distance. There will be five compressor-sta- 
tions, from 60 to 76 miles apart. The length of the line as in- 
dicated by the preliminary surveys will be 450 miles. The line 
will have a capacity of 80,000,000 cu. ft. per day. 

The 16-in. line to be built by the Arkansas N'atural Gas Co., 
surveys for which are now being made, to extend from the 
Caddo field to the larger cities of Arkansas, will have a maxi- 
mum capacity of 30,000,000 cu. ft. daily. It is the general im- 
pression at present that the proposed line to New Orleans, a 
distance of 400 miles, will never take form. However, the gas- 
line from the Caddo field to Houston, Tex., is almost a certainty. 
With all the various lines in operation that are proposed, and 
including the present consumption, it is estimated that the aver- 
age quantity of Caddo gas consumed will be more than 

126.000. 000 cu. ft. per day. 
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The production of the Caddo field is given in Table I. 

Table I. — Prod,uction of the Caddo Field far the Years 
1906, 1907, 1908, and 1909. « 

1906. 

December 14 — 250 barrels. December 31 — 150 barrels. 

1907. 

Producing 

Wells New 


Month. 

Completed. 

Production 

Gas. 

Dry. 

Abandoned 

January, . . . 


1 

100 

0 

0 

0 

February, . . 


0 

0 

0 

3 

0 

March, . . . 


0 

0 

2 

0 

1 

April, .... 


0 

0 

3 

0 

0 

May, .... 


1 

150 

0 

1 

2 

June, .... 


0 

0 

2 

0 

4 

July 


3 

305 

0 

0 

0 

August, . . . 


0 

0 

1 

0 

1 

September, . . 


0 

0 

1 

0 

1 

October, . . . 


2 

120 

1 

0 

0 

November, . . 


1 

300 

0 

0 

0 

December, . . 


0 

0 

1 

0 

0 

1907 Total, . 


8 

975 

11 

4 

9 

1906 Total, . 


1 



1 

0 




1908. 




January, . . . 


3 

210 

1 

0 

0 

February, . . 


2 

580 

1 

0 

0 

March, . . , 


1 

80 

0 

0 

0 

April, .... 


5 

535 

0 

0 

0 

May, .... 


4 

1,570 

2 

0 

0 

June, .... 


3 

1,200 

0 

1 

2 

July, .... 


1 

140 

0 

0 

0 

August, . . . 


6 

1,005 

1 

1 

0 

September, . . 


5 

1,425 

0 

0 

0 

October, . . , 


5 

4,395 

1 

3 

0 

November, . . 


3 

190 

1 

2 

0 

December, . . 


5 

3,025 

1 

0 

0 

1908 Total, 

• 

43 

14,355 

8 

7 

2 




1909. 




January, . . . 


5 

550 

0 

1 

0 

February, . . 


4 

465 

3 

3 

1 

March, . , . 


9 

1,045 

2 

2 

4 

April, . . . 


5 

500 

0 

5 

2 

May, .... 


8 

535 

2 

3 

0 

June, .... 


8 

760 

1 

2 

0 

July 


8 

876 

0 

11 

0 

August, . . . 


7 

515 

0 

1 

3 

September, . . 


3 

590 

5 

2 

0 

October, . . . 


3 

140 

1 

1 

0 

November, . . 


5 

2,605 

3 

0 

0 

December, . . 


4 

170 

2 

2 

0 



69 

8,750 

19 

33 

10 


® Compiled from the Oi7 Investors^ Journal* 
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III. Geology. 

In drilling for oil and gas in the Caddo field three systems of 
rocks are met with : the Quaternary, Tertiary, and Cretaceous. 
The Quaternary, made up of red clays and sands, is found on 
the surface. The Tertiary, composed of clays and sands with 
large boulders or concretions, underlies the Quaternary. The 
Cretaceous system, the oldest, is made up of more consolidated 
rocks, “gumbo,” shale, chalk, etc. 

The beds all dip towards the south, and the Cretaceous for- 
mations encountered in the Caddo field outcrop in Arkansas 
and Texas. Several structural peculiarities exist in Louisiana, 
the most noted being the Sabine uplift, due probably to a great 
crustal movement. Of this. Prof. G. D. Harris ’ says : 

“ It is the great Sabine uplift that affords the proper structure for the collection 
and retention of great quantities of oil and gas in northwest Louisiana. The 
boundary of this uplift to the north, in the vicinity of Vivian, .... is 
clearly defined. Likewise to the south, from near IvTatchitoches to the Sabine. 
So, too, there is apparently a high dip to the east, in the Cretaceous beds along 
the course of the Bed Biver. But to the west we have no sure proof that the 
Sabine uplift .... may not be continuous with .... [an] area 
further west in Texas. In other words, the insular mass .... [the 
Sabine uplift] might perhaps be more properly shown in the form of a peninsula 

connecting with the main land toward the west Caddo field is near 

the north angle of the Sabine uplift. Its oil and gas evidently come up the 
north and east slopes of this uplift and then become entrapped beneath Upper 
Cretaceous and Eocene impervious beds. But the final distribution of these sub- 
stances over the field is seemingly due to secondary structural features, slight anti- 
clines and difference of porosity of the rocks in which the oil is contained.” 

Gas in large quantities seems to have, in the Caddo field, 
a more general distribution than oil. 

There are apparently four horizons in tlie Caddo field at 
which oil and gas occur. These all belong to the Cretaceous 
system. Table 11. presents a generalized section of the Caddo 
field, with a few selected logs. 


^ Bulletin No. 8, Louieiancc Geological Survey^ p. 6 (1909), 
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Table II. — Generalized Section of the Caddo Oil-Field. 


1 

System. ' Series. 

i 

Stage. 

Kind of Material 

Approx 

Thickness. 

Approx. 

Depth 

Quaternary. 


' Eed and gray sand, clay, 
gravel 

Ft. 1 Ft. 

20 20 

Tertiary, 

Eocene. 

Sabine. 

Dark lignitic sands and 
clays, with calcareous 
boulders 

430 

450 

Midway. 

Dark clay, with occasion- 
ally a limestone bed.... 

200 

650 


Montana. 

Arkadelphia. 

Dark stiff clay 

160 

800 


Nacatoch. 

“ Shreveport ” or “ Caddo ” 
gas-sand ; contains some 
hard layers 

130 

930 

Cretaceous 

(Upper.) 

1 

j 

1 

i 

1 Colorado. 

Marlbrook. 

Blue marl with chalky 
layers about 1,150 ft. 
(Saratoga chalk) 

350 

1,280 

Austin. 

Chalky layers with many 
fossil fragments, often 
with strong odor of oil. 
Occasionally good oil 
about 1,575 ft. Gas 
common. Theso- 
called ‘‘Annona^’ 
chalk 

320 

1,600 

Chalk, clay, and sand, 
with hard pyrite layers. 
The Brownstown beds 

200 

1,800* 

Eagle Ford. 

Blossom sands. Gas at 
1,800 ft 

50 

1,850 

Blue tough clays with 
hard limestone and 
pyrite layers. The 
“ Eagle Ford clays.” ... 

350 

2,200 

Dakota. 

Woodbine. 

These sand-beds, reached 
at depths ranging from 
2,140 to 2,300 ft, ac- 
cordmg to local struc- 
tural features, contain 
the “deep^^ oil and gas 
of the Caddo fields. 
Salt water is common. 
Thickness unknown, 
(100 ft) 


1 
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LOG OF FILER No. 1. LOG OF C. G. 0. HOSTETTER No. 1 GAS. 


Record received from Mr. Plumb. Record received from B. G. Dawes. 



Thick- 

ness 

Depth 


Thick- 

ness 

Depth. 


Ft. 

Ft 


Ft. 

Ft 

Clay 

7o 

75 

Brown and yellow clay 

15 

15 

Sand 

5 

SO 

Gumbo and hard blue shale 

11 

26 

Dark clay 

20 

lUO 

Gray colored lime shale 

2 

28 

Rock 

4 

104 

Soft blue shale 

24 

52 

Clay 

11 

115 

Gray colored hard lime shell... 

1 

53 

Rock 

3 

ns 

Gumbo and soft blue hhale 

27 

80 

Shale 

o7 

175 

Gray hard lime shell 

2 

82 


2 

177 

Soft bhie Jihale 

43 

125 

Shale 

148 

325 

Gray hard lime shell 

3 

128 

Rock 

3 

328 

Gumbo, hard and stiff 

82 

160 

Shale 

172 

500 

Rock shell, sandy and soft 

2 

162 

Rock 

4 

504 

Gumbo, blue and hard 

58 

220 

Grumbo 

121 

625 

Sand rock, with gas 

2 

222 

Rock 

5 

63U 

Stiff blue shale 

58 

280 

Gumbo 

5U 

680 

Soft sand rock 

3 

283 

Shale, hard 

20 

700 

Sandy brown shale, with gas... 

27 

310 

Shale, soft— some 

OPflS 

20 

720 

Hard sand rock 

bard gUTnbo 

1 

64 

311 

375 



Shale and gumbo, 

90 

810 

Soft sand rock shell 

2 

377 

Rock 

80 

890 

Gumbo.. 

45 

422 

Shale, hard 

60 

950 

Hard sand rock 

3 

425 

Gumbo 

40 

990 

Hard tough gumbo 

65 

490 

Shale 

50 

],040 

Soft sand rock 

3 

493 

Gumbo 

29 

1,069 

Gumbo and light blue shale..... 

144 

637 

Gumbo 

51 

1,120 

Kaolin, white shale, or gypsum, 

11 

648 

Shale 

80 

1,200 

Soft sand rock (2,500,000 to 



Lime, soft 

100 

1,300 

3,000,000 ‘‘gasser’O 

9 

657 

Lime, hard 

140 

1,440 

Kaolin or white shale, sandy 



Rock 

10 

1,450 

at base 

10 

667 

Lime, soft 

80 

1,530 

Hard stiff gumbo 

91 

758 

Rock 

10 

1,540 

Hard sand rock 

3 

761 

Lime, soft 

25 

1,565 

Gumbo with sandy shale at base, 

16 

777 

Shale 

115 

1,680 

Hard sandy shale 

3 

780 

Gumbo 

80 

1,760 

Caddo gas -sand, quite hard, 



Shale, hard 

115 

l,87o 

light in color, very sharp 



Rock 

5 

1,880 

and gritty, with some gas.. 

3.5 

783.5 

Shale 

110 

1,990 




Rock 

8 

1,998 




Shale 

52 

2,050 




Rock 

10 

2,060 




Shale 

75 

2,135 




Rock 

5 

2,140 




Shale 

100 

2,240 




Good oil-sand 

12 

2,252 
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LOG- OF HEYWOOD Ko. 1, FEE. 

Record received from H. H. Jones, Driller. 


Thick- Thick- 



ness. 

Depth 


ness 

Depth. 


Ft 

Ft 


Ft. 

Ft. 

Clay, variegated soft 

80 

80 

Chark, white and soft 

11 

1,155 

Bluish sand, water-bear- 



Dark gumbo 

53 

1,208 


10 

90 

Dn-rlr shale 

21 

1,229 



Clay, dark, soft 

50 

140 

Dark gumbo 

43 

1,272 

Hard dark rock 

2 

142 

Chalk, clayey to white, oil 



Dark soft clay 

8 

150 

from 1,470 to 1,520 ft . 

328 

1,600 

Hard dark rock 

3 

153 

Black rocky gumbo 

100 

1,700 

Gumbo and shale, dark, 



Black sandy gumbo 

80 

1,780 

full of boulders 

447 

600 

Rock with some pyrite... 

5 

1,785 

Gumbo and dark shales.. 

110 

710 

Coarse, variegated sand 



Shale, dark, with persist- 



with oil smell 

13 

1,798 

ent gas 

10 

720 

Rock, in streaks and some 



Gumbo, dark and very 



pyrite 

62 

1,860 

tough 

100 

820 

Gumbo and shale 

112 

1,972 

Rough, lime-like rock 



Tough gumbo 

40 

2,012 

with gas 

10 

830 

Shale and dark gumbo... 

118 

2,130 

Dry sand rock, with gas 



Rocky, with pyrite and 



and oil smell 

34 

864 

shells 

13 

2,143 

Rough lime rock 

5 

869 

Red and dark shale 

37 

2,180 

Dry sand rock, with oil 



Blue shale 

16 

2,196 

and gas 

61 

930 

Rock 

2 

2,198 

Hard rock 

2 

932 

Soft rock 

2 

2,200 

Sand rock 

8 

940 

Hard shale 

24 

2,224 

(Gas occurred in this 



Oil shale 

3 

2,227 

well from 820 to 



Hard shale 

5 

2,232 

940 ft.) 



Oil shale 

4 

2,236 

Shales, with streaks of 



Hard shale 

3 

2,239 

gumbo 

39 

979 

Rock 

3 

2,242 

Rock 

2 

981 

Brittle rock 

10 

2,252 

Shale and gumbo with 



Shale 

5 

2,257 

hard streaks 

163 

1,144 





The Oaddo oil is generally black, and ranges in specific 
gravity from 21.3° to 41° Baume. The oil carries much water, 
but no sulphur. 

An analysis of Oaddo gas, made by Prof, 0. P, Phillips, gave : 


Per Cent. 

Methane, .95.00 

Ritrogen, . ..... 2 56 

Carbon dioxide, 2.34 

Hydrogen, 0.00 

Carbon monoxide, 0 00 

Ethylene, 0.00 

Sulphide (hydrogen sulphide ?), . . .0.01 

YOL. XLII, — 25 
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rv. Topography. 

The Caddo field lies in the Gulf Coastal Plain— an area of Iovy 
and rounded relief rarely exceeding 500 ft. in elevation and 
contains several small lakes, which are the most important 
recent topographic features of NW. Louisiana. Fig. 3 is a 
view of Ferry lake, near the center of the field, and Fig. 4 
shows a small salt lake of the Producers’ N'o. 2 blow-out. These 
lakes, due to the damming up of the Red river, have been 
formed since the fifteenth century. However, they are now 
returning to their former level as tributary streams. 

Over most of the Caddo field are found low, circular, mound- 
like elevations. Pig. 5, from 20 to 100 ft. in diameter, with a 
maximum elevation of 6 ft. These mounds are very notice- 
able throughout the field, because of their persistence and wide 
distribution. 

The condition of the ground and roads is far from good. 
The lakes and bayous almost completely surround with water 
the whole central portion of the field, and make the hauling 
of pipe and machinery exceedingly hard work. Salt-water 
ponds and swampy patches occur here and there ; and, in 
general, the surface throughout the whole field presents 
swampy conditions. Fig. 6 shows the efteot of a salt-water 
spray on surrounding trees and land. 

V. Ownership op Land. 

A.n operator may either own the land upon which he drills or 
lease it. Probably in the early development most drilling was 
done upon owned land. As the development increased, how- 
ever, outside capital came in, to operate mostly on leased land. 

In 1907, two years after the opening of the field, land could 
be bought at from |25 to |50 per acre. At the time of the 
great boom in December, 1908, the price jumped to |500 and 
|1,000. At present the cost per acre leased is from |50 to 
$500 per annum, with one-eighth of the product as the usual 
royalty. 

In January, 1910, the assessor of Caddo parish announced 
that oil-lands would be assessed on the following basis : The 
owner of the fee to be assessed on the value of the land from a 
surface stand-point. The oil-rights to be assessed at one- 
eighth (or the royalty) to the owner of the fee, and seven- 
eighths to the lessee. 




From Bulletin No, 429, TJ. S. Geological Survey (1910) 

Fig. 4. — Salt Lake Marking Location of the Producers’ IS'o. 2 

Blow-Out. 
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• Fig. 6. — Pbodxjcees’ No. 1 Salt-Water Gtjsher, Showing the Effect of 
THIS Salt-Water Spray upon the Trees and the Surrounding 
Land. 
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VI. Drilling-Operations. 

1. Locating and JEhrecting Derrick. 

It is the common practice to place the derrick on one of the 
so-called gas-mounds, or as near as possible to a producing 
well. The average hire of a surveyor to locate a well is from 
|10 to f25. 

The rotary derrick used can be easily framed and erected by 
any competent carpenter, although there are rig-builders here, 
as in every field. The building of a rig is by no means easy 
work; and every man who works up in the rig as it is erected 
generally receives $5 per day. The derrick is usually 84 ft. 
high to the top of the crown-block, with a 22-ft. base. The 
cost of a rig or derrick, including lumber and labor, is about 
$260. 

2. Machinery Equipment. 

Rigging up, one of the most expensive items to the operator 
or contractor, includes the purchasing and transporting of the- 
rotary, engine, hoisting-machine, pumps, boiler, casing, and 
pipe. The cost of transportation of machinery and pipe from 
the railroad to the well varies from $150 to $200, according to 
distance. 

There are several good rotaries now in use in the various 
oil-fields, each one possessing advantages for a particular field. 
I might mention the Parker rotary and the Oil-W ell Supply 
rotary as two types used in the Caddo field. These rotaries 
vary in weight from 900 to 4,000 lb., and in size of pipe 
handled from 1.5 to 20 in. The price varies from $225 to 
$1,600. 

Several makes of engines of 20, 23, 25 and 28 h-p. are in 
use. The price of one of these engines complete varies from 
$320 to $365. 

The hoisting-machines vary in weight from 1,990 to 2,800 
lb., and in price from $180 to $250. 

Pumps of several styles are used in connection with the 
hydraulic rotary system'. These are the Smith-Vaile, Knowles, 
Special Duplex, Gardner, and Parker rotary drilling-pumps» 
The price varies from $220 to $610. 

The boiler, placed from 100 to 200 ft. away from the well. 
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to insure against danger from an unexpected flow of gas or oil, 
is run by gas, generally supplied by a pipe-line from some gas- 
well in the fleld. The oil-country boilers, of locomotive type, 
are generally used. These are made of open-hearth flange 
steel, having a tensile strength of 60,000 lb. per square inch, 
and an elastic limit of 80,000 lb. They are tested at 160 lb. 
hydrostatic pressure and 125 lb. steam pressure per square inch. 

The total cost for a complete rotary outfit, including tools 
and materials, f. o. b., is estimated at $2,826, not including 
freight-charges. The weight of this outfit is about 30,000 
pounds. 

3. Methods of BriUinff. 

The hydraulic rotary method of drilling, used exclusively in 
the Caddo field, is a modification of the Fauvell system, in- 
vented in 1845, and used for some time in several of the 
European oil-fields. It is rapid and economical, when used in 
unconsolidated formations, such as clay, sand, or quicksand. 

Several styles of rotary are used, but all work on the same 
principle. The principal features of the rotary outfit are the 
derrick, the rotary machine, the hoisting-gear, the engine, the 
boiler, and the pump. In addition are the numerous acces- 
sories and appliances for connecting the machinery; for attach- 
ing the pump to the boring-tube or casing ; for hoisting and 
handling the tubes or easing ; the bits or cutting-shoes ; the 
pipe and casing. 

The rotary method consists in rapidly turning a column of 
pipe, the lower end of which is armed with a steel shoe having 
a serrated edge or a bit for cutting. The drill-pipe is held by 
a chuck, and the descent of the pipe is controlled by the driller 
by means of a feeding-device. Water is kept under constant 
high pressure in the pipe and the cuttings are thus forced to 
the surface, passing up on the outside of the pipe with the 
water. This ascending current of water keeps the hole clean 
and allows the drill to turn freely. It is essential that the 
flow of water should be continuous, and a drilling-outfit is 
always supplied with two force-pumps in order to prevent any 
stoppage of the flow. If the drill has passed through a per- 
vious stratum, such as a bed of loose sand, the ascending water 
is liable to pass into that stratum instead of returning to the 
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surface. This quickly results in the clogging of the hole ; and 
in order to prevent it the water which is pumped in is mixed 
with a large amount of fine clay. By this means the outlets 
through porous beds are sealed up, the unconsolidated material 
forming the walls of the hole is prevented from caving, and 
the water returns unimpeded to the surface. When drilling 
through quicksand or similar formations, a back-pressure valve 
is inserted in the coupling above the first joint of pipe, to pre- 
vent water and sand from rushing back into the pipe when the 
service is disconnected. This also assists materially in sustain- 
ing the wall of the well and permitting the pipe to turn. When 
the pipe has reached the desired depth, the valve, which is con- 
structed of brittle material, is punched out, and the pieces 
either removed or forced down outside of the pipe. 

When the formation is not of sufficient hardness to form a 
core, but washes out as the pipe advances, the rotary steel shoe 
with a serrated edge is used. In cases where the formation is 
composed of clay of sufficient density to retain the wall of the 
well in place, a smaller pipe is used, armed with a perforated 
bit, through which the water is forced from above, and when 
the depth is reached where it may be desirable to insert the 
casing, the drill-pipe is removed and the casing is inserted in 
the hole thus prepared for it. 

Two forms of bit are generally used, the fish-tail and the 
core-barrel. The fish-tail bit requires considerable care both 
in making and in dressing. It cuts through comparatively 
hard formations, and must be so shaped that, as the points 
advance and outline the hole, the center portion crumbles the 
core which tends to form, and the small holes must direct the 
jets of water in such a way that the bit as well as the hole is 
kept clean. The core-barrel bit is used when a stratum is 
encountered which is too hard to yield readily to the fish-tail 
bit. This core-barrel consists of a piece of steel pipe, about 
8 ft. long, swaged at the upper end to connect to the drill-pipe. 
The lower end is left smooth, and two or three holes are drilled 
a short distance above, to permit the water to pass out and re- 
turn to the surface. Chilled iron or steel particles averaging 
about the size of bird-shot are fed down the inside of the pipe 
in small quantities and find their way to the bottom of the hole, 
where they are rolled between the bottom of the core and the 
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rock, rapidly crushing the latter. As the cuttings rise above 
the heavier shot, they are caught in the current of water and 
carried to the surface. The core is removed by means of an 
extractor consisting of a piece of pipe of the same size as the 
core-barrel and provided with short inwardly-projecting steel 
springs which engage the core and carry it up when the pipe 
is removed. It is necessary to exercise care, in pumping water, 
to admit only enough to remove the cuttings and not wash out 
the shot. 

In starting a well arrangements are generally made first for 
a 12-in. casing; and in boring for this size the drill-pipe is 
generally made of 6-in. casing with a 13.5-in bit. This size of 
bit is used to allow the collars at the joints of the 12-in. casing 
to slide past without damaging the wall of the well. The 
length of 12-in. casing used varies from 600 to 800 ft., depend- 
ing largely upon the nature of the ground and the skill of the 
driller. The hole is generally left open until the whole depth 
calculated for one string of casing has been drilled. This 
generally extends until a hard stratum is met, upon which the 
casing to this depth may stand. 

Following the 12-in. casing, the hole is next drilled for an 
8-in. or 9-in. casing. In either case a 10.5-in. bit is used. 
After the 9-in., a 6-in. casing is used; then a 4-in., and then 
finally a 2-in. casing. 

The drilling depends largely upon the driller, who controls 
the engine and the drilling-pipe. It is necessary to keep the 
hole clean, and the pumps are generally kept going even though 
not drilling. Very often the well becomes clogged and it is 
necessary to pull out the whole string of pipe in the hole. The 
bits also require dressing, which necessitates the withdrawal of 
the pipe. The pipe is generally drawn out in sections of three 
lengths, or about 60 ft. It is stood up on the derrick-fioor 
until put in the hole again. The cuttings as they are washed 
out by the water under the rotary are examined every 20 to 
50 ft., and a log or record of the well is kept by the driller. 

'When the oil-beariiig formation is reached, the oil will be 
noticeable on the water as it passes into the slush-pit. When, 
in the driller’s judgment, the drill has penetrated the oil-bear- 
ing formation to a sufla.cient depth to assure a good flow, the 
pipe is removed and the well is bailed. A strainer is generally 
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set at the bottom of the hole before bailing. The 10- or 20-ft. 
bailer, generally used, is lowered to the bottom of the well, the 
dart-valve opened, and the water allowed to fill the bailer. It 
is then pulled up and the water dumped into the slush-pit. 
Before the well is entirely bailed a gate-valve is fitted to the 
casing, in such a way as to permit a rapid closing of the well 
if desired. As soon as enough water has been removed to re- 
duce the pressure the oil rises and the well flows. The well is 
allowed to clean itself of all loose pieces of rock or gravel, 
when the valve is closed and the well shut in. The well is 
then connected by a pipe-line to storage-tanks, a cooking-tank, 
or the loading-rack. In drilling for gas great caution must be 
taken to prevent a blow-out. A special quick-closing gate- 
valve set in cement is now used. 

Five men usually make up the crew of a well : the driller, 
derrick-man, boiler-man, and two helpers. The driller is in 
complete charge of the drilling of the well. The daily wage 
of the driller varies from $5 to |6. Night-drillers sometimes 
receive more than this. The derrick-man receives from $3 to 
$5 per day or night, and the helpers |8 per day or night. 

The average length of time required to drill a deep well, 
that is, 2,200 ft, in the Caddo field is from 120 to 180 days. 
Very often a night- and a day-crew are employed and the length 
of time is then reduced to from 60 to 90 days. The length of 
time required to drill a shallow well (800 ft) is 30 days, or 
about 18 days, drilling day and night. 

Besides the hydraulic rotary system of drilling, the standard 
or cable-tools method has been used in the Caddo field, but with- 
out satisfactory success. J. C. McCue, superintendent of the 
Producers’ Oil Co., writes: ^‘Tou will please note that I an- 
swer by saying — ^Impossible to drill with cable tools.’ We 
find that the formation is such that cable tools cannot be used.” 

The drilling of a well by this cable-tools method is done with 
a steel drill, measuring with its fittings 80 ft. in length, and 
weighing from 1 to 1.6 tons. This drill is continually lifted and 
dropped in the hole, the force of its impact breaking the rock. 
At intervals the debris is removed by a sand-pump — a tube with 
a valve at the bottom, which is lowered into the hole and drawn 
out, bringing the cuttings with it. 

Four men are required on a standard rig — the driller, boiler- 
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mail, and two helpers. The wages of the driller are $180 per 
month and of the helpers $4 per day. The total cost to build a 
standard rig is about $750, while the estimated cost of tools, not 
including machinerj’, is about $2,000. 

Very often the oil in a well is not sufficient for the well to 
flow, in which case a pump is put on the well. In the Caddo 
field few gushers are brought in ; hence a large majority of the 
wells are pumped. A standard rig, built for the pumping, costs 
about $600. Recently two air-compressors have been installed. 
Wells producing large quantities of water with the oil are best 
blown by compressed air; indeed, it is the only way to handle 
them. Fig. 7 is a view of a well on Pine Island blown by an 
aii’-compressor. 

Frequently, when the oil-bearing formation is reached, the 
oil either does not flow at all or flows only in small quantities. 
Instead of putting the well on the pump, it is sometimes “ shot.” 
By exploding a charge of uitro-glycerine at the bottom of the 
hole, the surrounding rock is broken up and the flow of oil 
stimulated. The shooter lowers the glycerine into the well in 
cylindrical tin shells. The well is then filled for a couple of 
hundred feet with water to “ tamp ” the charge. The shooter 
lights the fuse of a “jack squib,” a long slender shell filled 
with a small charge of glycerine, a fnlminating-cap, and a 
slow-burnjng fuse, and starts the squib down the well. I have 
record of only one well having been shot in the Caddo field, 
and this with no success. The explosive in this ease cost $276. 

VII. Tebatment OB Product. 

1. Cookmg. 

Several of the wells in the Caddo field produce oil contain- 
ing much mud and water. Since the maximum percentage of 
dirt allowable is 3 per cent., it is necessary to “ cook” the oil 
to free it from such impurities. The stationary “ cooker,” com- 
monly used, has a capacity of 1,000 barrels in 24 hr. The 
cooking-tanks are built as follows: A small gas-mound is se- 
lected, in which a hole is excavated as large as the tank is to 
be, but not deeper than the level of the surface surrounding the 
mound, Fig. 8. The tank is then built inside the pit. The 
walls are double, of 2-in. plank, with a space between, which is 
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Fig. 7. — Well on Pine Island Being Blown by an Air-Compbessob. 



Fig. 8. — Excavating a Gas-Mound fob the- Building of a Cooking- 

Tank. 





■Wooden Storage-Tanks, 1,200 Barrels Capacity, op tke 
Filer Oil Co. 
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afterwards filled with sand and the cracks calked with oaktrai, 
Fig. 9. Coils of 1.25-in. steam-pipe are then put in and the 
cooker is ready. In building the tank it is necessary to pro- 
vide an opening for drawing off the water and letting the oil 
out after it has been steamed, and still another to let out the 
mud when the pit is cleaned. In cleaning these pits a hose 
attached to a water-pump is used, and water is pumped into 
the pit with great force. 

The temperature of the oil is just as hot as the steam can 
make it. The length of time of cooking varies according to 
the quality of the oil. If it contains 80 per cent, of mud and 
water it will require 8 hr. of steaming for 400 barrels of 
the oil. 

2. Storage. 

Every producing well has one or more storage-tanks for its 
product. The tanks are of wood, bound with iron hoops, and 
have a truncated conical shape, and a capacity of 100, 250, 
600, 800, 1,000, or 1,200 barrels. In the Caddo field the 600- and 
1,200-barrel sizes are generally used. Fig. 10. After the well- 
connectioiis are made and the pipe-line is connected to the 
tank, a square wooden house is built over the tank to protect 
it from the weather. The cost of a 600-barrel wooden tank is 
about |800, and that of a 1,200-barrel one about $500. 

A company operating a number of producing wells in this 
field generally builds a large steel storage-tank with a capacity 
of from 30,000 to 50,000 barrels, at a cost of about $0.28 per 
barrel of capacity, or $9,800 for a 36,000-barrel tank. 

Companies operating more than one well employ a gauger, 
whose duty it is each day to sample and measure the depth of 
the oil in the storage-tanks. The wages of a gauger are $3.50 
per day. 

3. Transportation. 

The oil, after it has been cooked, or direct from the well, is 
piped to the loading-rack. In the Caddo field there are at 
present five loading-racks, which vary in capacity from 20 to 
60 cars. From there the oil goes direct to the refinery or to 
the buyer over the Kansas City Southern railway. 
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Oar-shipments of oil from the Caddo field (barrels of 42 gal.) : 


Year 1909, 

Oil City. 

Mooringsport. 

Vivian. 

Lewis. 

Total 

January, 

. ol,400 

6,359 



57,759 

February, . 

. 81,690 

6,699 




88,889 

March, 

. 55,925 

10,145 



66,070 

April, . 

56,622 

3,658 


2,935 

63,215 

May, . . 

. 7,979 



2,086 

40,065 

June, . , 

51,529 

18,430 

4,447 

3,115 

77,521 

July, . - 

. ^8,756 

35,593 

4,026 

2,053 

90,427 

Augubt, 

. 38,162 

23,022 

1,646 

2,380 

65,210 

September, 

. 37,414 

26,633 


2,245 

63,292 

October, , 

, 49,313 

41,922 


1,076 

92,311 

November, 

. 49,852 

15,737 



65,589 

December, 

. 49,599 

11,380 



60,979 

Totals, 

608,241 

196,578 

10,118 

15,890 

830,827 


Runs of crude oil from the Caddo field : 


Year. 

1905, . 



Barrels. 

4,650 

1906, . 

, , 

. 

, 

1907, . 

, 


. 48,266 

1908, . 



. 499,937 

1909, . 

, 


. 985,226 

Total, 



1,538,079 


The gas-wells are connected with the main line, or the 
product is used to supply the drilling wells in the field. 

VIII. Consumption of Oil and Gas. 

A large part of the crude oil which does not go to the re- 
finery is used by the Texas and Louisiana railroads, consum- 
ing daily about 16,500 barrels of fuel-oil. Table III. gives the 
approximate quantity of oil used by the various railroads in 
1909. 
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Table III. — Consumption of Crude Oil by Railroads in 1909.» 


Name. Barrels 

Southern Pacific E. R., 2,195,000 

Gulf, Colorado & Sante Fe E. E , . . . 1,793,288 

Kansas City Southern EE, 665,000 

San Antonio <fe Aransas Pass E. R., . . . 480,000 

International & Great Northern R. E., .... 360,000 

St. Louis, Brownsville & Mexico EE., . . . 145,000 

Trinity & Brazos Valley E. E., 145,000 

Galveston, Houston & Henderson R. E., . . . 60,000 

Gulf & Interstate E. E 48,000 

Texas & Pacific E E, 48,000 

Houston Belt & Terminal R. E. , . ... 48,000 

Galveston Wharf & Terminal E. R., . . . . 36,000 

Total, 6,023,288 

Daily average, 16,502 


^ From the Oil Investors^ Journal, vol. viii.. No. 18, p. 85 (Feb. 20, 1910). 

All but a small portion of the oil consumed by the railroads 
named in Table III. is burned on the locomotives. A small 
quantity is used by several of the lines at their shops and for 
pumping water. 

Table III. shows the total number of barrels of oil used by 
the Kansas City Southern railway. The amount of crude oil 
supplied to this railway from the Caddo field is as follows: 
From Oil City, 257,461 ; from Vivian, La., 18,412; and from 
Lewis, La., 1,087, making a total of 276,960 barrels, 

Caddo gas is used in Shreveport, La., 20 miles south of the 
field. The price charged is f 0.30 per 1,000 cu. ft. for domestic 
purposes and about $0,16 for manufacturing uses. 

A flat rate of |0.50 per month for heating and $0.10 per 
month for lighting is maintained in the field. 

Caddo gas is also used in Texarkana, Ark. ; Dixie and 
Belcher, La. With the completion of the new lines, Caddo 
gas will be carried to St. Louis, Mo,, to Houston, Tex., and 
possibly to Hew Orleans, La. 

During the early part of 1909, the estimated daily waste of 
gas in the field by the two burning gas-wells, the Caddo Q-as 
and Oil Gilbert Ho. 1, and the C. G. Dawes Trustee Ho. 1, was 
about 76,000,000 cubic feet. 
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IX. Cost. 

The general impression is that it costs from $10,000 to 
$12,000 to drill a deep well in Caddo field. 

C. W. Brown, of Brown Brothers, well-eontractors, has 
stated the cost of drilling an oil-well to the depth of 2,200 ft. 
at approximately $10,000, and that of a gas well 1,000 It. deep 
at about $4,000. 

The following data show the average cost of drilling a deep 
well. 


Cost to lease one acre of land, '^300 

Total cost of rig or derrick, 250 

Cost of machinery, tools, and material, . . . 2,824 

Cost of transportation of above to well, ... 100 

Cost of driller for 150 days at $5.00 per clay, . . 750 

Cost of four helpers for loO days at $3.00 per day, . 1,800 

Cost of pipe and casing, 3,265 


Total, $9,2S9 

With oil worth $0.44 a barrel, it would be necessary to have 
a production of 21,111 barrels in order to pay expenses. When 
one considers that a good well in the Caddo field means 200 
barrels per day, some idea of the returns an operator receives 
can be obtained. 

The review of the Caddo field for 1909 shows 69 oil-wells 
completed, with an initial output of 8,750, and an average of 
127 barrels; 19 ''gassers'^ completed; 83 dry holes drilled ; 
and 10 wells abandoned. 

The 69 oil-wells represent a total expenditure of about 
$690,000. The 19 gas-wells represent about $76,000. As- 
suming 25 of the dry holes to have been deep holes, we have 
$260,000 spent on these holes; and assuming 8 to have been 
« gassers,’' we have $32,000 for these. The total expenditures 
for oil-wells would thus be $940,000 and for gas-wells $108,000. 
Xo doubt the same machinery was used to drill several wells; 
but still the foregoing figures furnish an idea of the amount of 
money spent in the field during the year 1909. Besides the 
drilling, there are the pipe-lines, storage-tanks, pumps, loading- 
racks, and cooking for the oil; also the pipe-lines for the gas. 

The cost of lap-welded pipe is, at the lowest average, about 3 
cents per pound, including the joint. The cost of hauling, lay- 
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ing, and painting, per foot, as given by the Oil Investors' Jour- 
nal^ is : 


Size 

Cost. 

Hauling 

Laying. 

Painting. 

Total 

2-m. 

f?0.24 

^0.01 

$0.03 

$0.01 

$0.29 

4-in. 

0.41 

0.02 

0.03 

0.01 

0.47 

(i-in 

0.65 

0.02 

0.04 

0.02 

0.73 

8-in. 

1.05 

0.02 

0.04 

0.03 

1.13 

10-in. 

1.30 

0.03 

0.05 

0.03 

1.41 

12-in. 

1.70 

0.04 

0.05 

0.03 

1.82 

16-in. 

2 80 

0.05 

0.06 

0.04 

2 95 

18-in 

4.00 

0.06 

0.07 

0.04 

4.17 

24-in. 

5.10 

0.08 

0.08 

0.05 

5 31 

30-in. 

7.50 

0.09 

0.09 

0 06 

7.74 


These prices, however, are sometimes far from the actual cost. 


Let US consider the proposed gas-lines to New Orleans and 
St. Louis, the length of each being about 400 miles. The 
former, a great undertaking, will necessitate the laying of 18- 
in. pipe for 400 miles through swamps and bayous, and the 
crossing of the Atchafalaya and the Mississippi rivers. Assum- 
ing $4.15 as an average total cost per foot, the cost will amount 
to $8,764,800. Very few appreciate the enormous expendi- 
tures represented by these pipe-lines. 

Another considerable cost to a company operating on a 
large scale are the large steel storage- and cooking-tanks. 
The Producers’ Oil Co. has a 50,000-barrel tank in the Caddo 
field, which cost about $14,000. The Caddo Gas & Oil Co. 
owns a 35,000-barrel steel tank, which cost about $9,800. 

X. Life op the Field. 

Under this head, Prof. G. D. Harris^ points out the important 
circumstance that the Caddo field is not one of extreme local 
concentration, and has nothing in common with the Beaumont 
or Jennings fields. In everything except its geologic age, it 
resembles the oil-fields of western Pennsylvania, West Virginia, 
Ohio, and Illinois. Its vastness speaks well for both quantity 
of oil and gas and the longevity of the field as a productive 
source of these materials. 

I wish to express publicly my thanks to Prof. Heinrich Hies 
for criticism and suggestions ; to Prof. G. D. Harris for sug- 
gestions and for the photographs used in this article, and to 
Donald Steel, of Cornell University, for helpful criticisms. 


® Oil Investors^ Joumoli vol. vii., No, 11, p. 18 (Nov. 6, 1908). 
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Tunnel-Driving in the Alps. 

BY W. L. SACNDBBS, NEW YORK, N. Y. 

(Wilkes-Barre Meeting, June, 1911 ) 

1. Intkoddction. 

It is now generally admitted by experts that at least so far 
as rapid progress is concerned the Alpine system of tunnel- 
driving is superior to any other. This is perhaps natural in 
view of the record of experience in driving tunnels through the 
Al ps. These great mountain-chains cannot be treated in the 
ordinary way by shafbsinking and driving headings, thus mul- 
tiplying the points of attack. The work must be done from 
the ends only, hence speed in driving is of the utmost import- 
ance; and, as necessity is the mother of invention, the concen- 
tration of effort to make progress has resulted in an organiza- 
tion and in mechanical appliances that have produced results 
so much in excess of the usual practice, even in America, that 
a discussion of the subject in detail should be of much value 
to the engineer and contractor. 

The first Alpine tunnel was the Mont Cenis, length 7,5 
miles, driven with a progress that averaged about 7.75 ft. per 
day. Hext came the Saint Gothard, 9.5 miles long, 18 ft. per 
day; Arlberg, 6.5 miles long, 27.25 ft. per day; Simplon, 
12.25 miles long, 36 ft. per day. 

The figures represent progress when driving from two head- 
ings, so that by dividing them in two we get the daily single- 
heading progress. The latest of the Alpine tunnels is the 
Loetschberg, now being driven. In this work the world’s 
record has been beaten by a single day’s record in one head- 
ing of 36 ft. and by an average daily record in one heading of 
29.5 feet. 

The Alpine range forms a natural barrier between a large 
section of northern and southern Europe. This range extends 
from the southeast of France to the frontier of Hungary, be- 
tween Italy and the plains of southern Germany. The contour 
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of the Alpine range is such that a traveler proceeding from 
Italy to France, Switzerland, or Germany, after traversing a 
comparatively easy pass over the main chain, may be brought 
abruptly against a second and loftier pass, or he may be com- 
pelled to follow a circuitous route which may double the length 
of the journey. The central portions of these mountains con- 
sist of gneiss, schists, granite, and other crystalline rocks. The 
range is an instructive example where a great mountain-chain 
has been formed by repeated movements during prolonged 
geological periods. Archibald Geikie, F.R.S., in describ- 
ing the geology of this region, says : 

‘ ‘ When the paroxysm of elevation had ended, one or more large lakes formed 
along the northern base of the mountains. In these hollows the Swiss molasse 
accumulated to a depth of more than 6,000 ft. — a great pile of slowly formed 
gravels, sands and clays. That the sea gained occasionally access to the region is 
shown by the interpolation of bands containing marine organisms N’ot improb- 
ably a gradual subsidence of the region was going on during the formation of the 
molasse. But during the Miocene period another great epoch of mountain making 
was ushered in. The lakes disappeared, and their thick sediments were thrust up 
into large, broken, mountain masses. Since that great movement no paroxysm 
seems to have affected the Alpine region.” 

Before surveys had been made of this mountain barrier the 
needs of war and commerce actuated people living on the op- 
posite sides to seek the easiest and most direct route for cross- 
ing it, hence as far back as history records we find mention 
made of passes over the Alps. A pass is usually understood to 
be a depression between adjacent mountains, over which a trail 
is made. The Romans, beginning with Julius Csesar, became 
acquainted with the easiest and most serviceable passes of the 
Alps. It was always a difficult matter to cross over these passes, 
especially in winter, when storms and snow obstructed progress. 
To cross the Alps with an army, even in ancient times, without 
modern artillery, was a feat that compared favorably with 
winning a great battle. Hannibal, 200 years before Christ, 
crossed over the pass of Little Saint Bernard with an army of 
20,000 infantry, 6,000 cavalry, and 37 elephants. This passage 
took 15 days and one-third of his army was lost en route. We 
have the authority of Livy for the statement that Hannibal,, in 
order to widen some of the passages through the mountains, 
flaked oS the material by heating the rocks and cooling them 
suddenly with liquids. 
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The credit for the modern revival of tunnel-constraction ou a 
large scale is due to Anne of Lusignan, who in the year 1450 
gave it its first impulse by commencing the construction of a 
tunnel in the Alps, between Nice and Gi-euoa, through the 
Col di Tenda (height of the pass, 1,800 m.). The work was 
stopped, but was subsequently continued by Victor Amadeus 
III. in 1782, finally being abandoned in 1794 in consequence 
of the invasion of the French ; at this time about 2,600 m. of 
the tunnel is said to have been completed. While the tunnel 
projected under the Col di Tenda may be regarded as the 
modern revival of tunneling, there were equally ambitious pro- 
jects carried out as early as the beginning of the Christian era, 
when, according to Pliny, the Emperor Claudius completed in 
A.D. 52 a tunnel from Lake Fucinus (Celano) to the river 
Liris. This tunnel undertaking is noteworthy as giving some 
information of the methods, labor, and tools employed in what 
was considered the greatest public work of the time. This 
was then by far the largest tunnel in the world, being 3.5 
miles long, with a cross-section varying from 10 by 6 ft. to 
20 by 9 ft. Forty shafts, some of w’hich were 400 ft. deep, and 
a number of cuidculi, or' inclined galleries, were sunk, and the 
excavated material was drawn up by windlasses, in copper 
pails of about 10 gal. capacity. It is reported that 80,000 
laborers were employed 11 years in its completion. Where 
diorite, granite, and other hard stone had to be cut, the work 
was done by tube-drills and saws supplied with corundum or 
other bard, gritty material and water, the drills leaving a core 
of rock exactly like that of the modern core-drill. 

‘‘By referring to ancient writers— Pliny, Italiana Vitori, Lapidarium of Mar- 
bodus— we find that diamonds fprmed an important adjunct to the ‘hewers of 
stone ’ as well as the lapidary. And it is thought by Eastern writers that dia- 
mond (shamer) pointed tools were used in the construction of Solomon’s temple, 
where ‘there was neither hammer, nor axe, nor any tool of iron heard in the 
house while it was in building.’ ” ^ 

II. Modern Alpine Tunnels. 

The era of tunnel-building in the Alps began with the 
Mont Cenis in 1857. The greatest of the Alpine tunnels, 
and the longest railway-tunnel in the world, is the Simplon, of 


^ Drinker, Tunneling^ Explosive GompoundSf and Bock Drills, p. 2 (1878). 
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which the Loetschberg, now under construction, is but an 
extension. 

Since the opening of the Simplon tunnel, connecting Switzer- 
land with Italy, the necessity of forming a route connecting it 
with the north and northeast of Europe has been apparent and 
has resulted in undertaking the construction of the Loetschberg 
tunnel through the Bernese Oberland. The general location 
of the Loetschberg tunnel and its rail-connections is, from the 
Simplon tunnel through the Loetschberg to Frutigen and Spiez 
on Lake Thun ; from the entrance of the Simplon to the end of 
the Loetschberg may almost be considered as one tunnel-system. 

A short review of the greater Swiss tunnels will illustrate 
the continual improvements in the construction-methods and 
plant employed, and an analysis of the methods of construction 
in these great tunnels indicates the cause which has led to the 
progressive increase in the economy and speed of tunnel-con- 
struction. 

The advance of the heading or pilot’’ — irrespective of 
whether it be driven top or bottom — is the factor controlling 
the rate of advance, as, under normal conditions, the enlarge- 
ment to full size, timbering, and lining, readily keep pace with 
the advance of the heading. The manner of mucking in the 
headings and the time required to do it average about the 
same. The increased average gain in the rate of advance has 
been concurrent with the improvement in the machinery em- 
ployed in the headings. 

Where a great thickness of rock overlies a tunnel, it is neces- 
sary to do the work wholly from the two ends, without inter- 
mediate shafts. The problem resolves itself into devising the 
most expeditious way of excavating and removing the rock. 
Experience has led to great advances in speed and economy, as 
will be seen from the particulars of the tunnels through the 
Alps. 




Length. 

Miles. 

Progress Daily. 
Linear Yards. 

Cost per 
Linear Yard. 

Mont Cenis, 

. . , 

. 7.5 

2.57 

£226 

Saint Gothard, . 

, 

. 9.0 

6.01 

£148 

Arlberg, 

. 

. 6.5 

9.07 

£108 

Simplon, 

. 

. 12.4 

12 



In 1867 the first blast was fired in connection with the 
Mont Cenis work ; in 1861 machine-drilling was introduced; 
and in 1871 the tunnel was opened for traffic. 

VOL. XLD. — 26 
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"With the exception of about 300 yd., the tunnel is lined 
throughout with brick or stone. Little interest now attaches 
to the method ot‘ tunneling adopted at Mont Cenis, as it is, in 
several respects, obsolete. During the first four years ot hand- 
labor the average progress was not more than 9 in. per day on 
each side of the Alps, but with compressed-air rock-drills the 
rate towards the end was five times greater. 

In 1872 the Saint Gothard tunnel was commenced, and in 
1881 the first locomotive ran through it. Mechanical drills 
were used from the commencement. 

Tunneling was carried on by driving in advance a top-head- 
ing about 8 ft. sq., then enlarging this sideways, and finally 
sinking the excavation to invert-level. Air for working the 
rock-drills was compressed to 7 atmospheres by turbines of 
about 2,000 h-p. From 6 to 8 Ferroux drills, making about 
180 blows per min., were mounted on a carriage pushed to the 
point of attack. From 13 to 18 holes were drilled by the ma- 
chine and its 16 attendants to depths of from 2 ft. 7 in. to 4 ft. 
3 in. in from 3 to 6 hr., and the work of charging with 
dynamite, firing, and clearing away was then done by 22 
men in from 3 to 4 hr. The charge per hole averaged 1.75 lb., 
and after firing, a strong current of compressed air was di- 
rected over the face of the excavation. Four sets of holes 
were, under favorable circumstances, drilled in 24 hr., which 
rendered attainable, in each heading, a progress of 13 ft. a day 
in such rock as gneiss. 

The driving of the Arlberg tunnel was commenced in 1880, 
and the work completed in little more than three years. The 
main heading was driven along the bottom of the tunnel and 
shafts were opened up from 25 to 70 yd. apart, from which 
smaller headings were driven right and left. The tunnel was 
enlarged to its full section at different points simultaneously in 
lengths of 8 yd., the excavation of each requiring about 20 
days, and the masonry 14 days. Ferroux percussion air-drills 
and Brandt rotary hydraulic drills were used, and the perform- 
ance of the latter was especially satisfactory. After each blast 
a fine spray of water was injected, which assisted the ventila- 
tion materially. In the Saint Gothard tunnel the discharge of 
the air-drills was relied on for ventilation. In the Arlberg 
tunnel more than 8,000 cu. ft. of air per min. was thrown in by 
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ventilators. In long tunnels the quick transport of materials is 
of equal importance with rapid drilling and blasting. In the 
Arlberg, to keep pace with the miners, 900 tons of excavated 
material had to be removed, and 350 tons of masonry to be 
introduced, daily, at each end of the tunnels, which necessi- 
tated the passage of 450 cars. This traffic was carried on 
over a length of 3.5 miles on a single track of 27-in. gauge 
with two sidings. When the locomotives ran into the tunnel 
the fires were damped down, and as the pressure in the boiler 
was 15 atmospheres, the stored-up heat in the water furnished 
the necessary power. The cost per linear yard varied accord- 
ing to the thickness of masonry lining and the distance from 
the mouth of the tunnel. For the first 100 yd. from the en- 
trance the prices per linear yard were £11 8s. for the lower 
heading; £7 12s. for the upper one; £30 10s. for the unlined 
tunnel ; £45 for the tunnel with a thin lining of masonry ; and 
£124 5s. with a lining 3 ft. thick at the arch, 4 ft. at the sides,, 
and 2 ft. 8 in. at the invert. 

III. The Simplon Tunnel. 

In 1893 the Jura-Simplon Railway Oo. contracted with 
Brandt, Brandau & Co., of Winterthur, Switzerland, for the 
construction of a tunnel from Brigue, on the north side, to 
Iselle, on the Italian side of the Simplon pass, and 12.4 miles 
in length. The contract time for construction w^as 5.5 years. 

It is but natural that in this Alpine region, where water is 
available, the engineers should have planned to make use of 
this power not only for the purpose of compressing air, but for 
hoists, and even for use in rock-drill cylinders. Water-power 
was employed for all purposes at each end of the tunnel. The 
Simplon tunnel runs up-grade from each end towards its center, 
hence there is a natural drainage, which saves pumping. En- 
gineers, who, without visiting the Simplon during construction, 
learned of the great progress made there by the hydraulic pro- 
cess, were inclined to adopt the same methods in work less 
favorably situated. It is one thing to use the hydraulic system 
where there is a natural race-way taking care of the discharge 
of the water, and it is quite another thing to expend the power 
required to pump this water. At the time the East River tun- 
nels, in Few York City, were built by S. Pearson & Son for 
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the Pennsylvania railroad, serious consideration was given to 
the hydraulic process, because, as is well known to those fa- 
miliar with conditions about New York, tunneling under the 
East river involves rock-work, while Hudson river tunneling 
is entirely through mud. Mr. Moir, who had charge of the 
East river tunnels, was impressed by the great progress which 
had been made at Simplon, where hydraulic machinery was 
used, but, upon investigation, decided that there was no advan- 
tage to be gained by using a system which involved lifting the 
water which had been used for power purposes; hence these 
Bast river tunnels were equipped exclusively with compressed- 
air machinery. 

1. Power. At the Swiss end the river Rhone was dammed, 

the water collected in reservoirs provided with gates, and car- 
ried for about 2 miles in a reinforced-concrete flume to the 
power-house. The power available here was about 2,200 
horse-power. 

At the Italian end the power was derived from the Diveria, 
about 2.5 miles above the works. The power-house contained 
three Peltou wheels, two of 250 h-p. each, and one of 600 
h-p. ; the wheels were horizontal and ran at 170 rev. per min. 
The pressure-pumps were operated by these wheels ; the highest 
pressure available at these pumps was about 120 atmospheres 
per sq. cm., with a capacity of about 66 gal. per min. at a 
pressure of 1,175 lb. per sq. in. In the pump-room were also 
two air-compressors of Ingersoll and Buckhardt types. At 
the Italian end there was also a supplementary steam-power 
plant of about 220 horse-power. 

The distribution of the power was proportioned about as 
follows: for high-pressure pumps, 700; for air-compressors, 
400 ; for ventilation, 500 ; for illumination, 100 ; for machines 
in the shops, 100 ; making a total of 1,800 horse-power. 

2. VenUlatim . — For ventilating the tunnel during construc- 
tion and afterwards, a permanent plant was installed at each 
end, the power being taken from the 200-h-p. turbines, at each 
plant, running at 400 rev. per min., and driving two fans of 
12.3 ft. diameter. The air-passages from the ventilator-house 
bifurcate near the tunnel ends. A door at the angle of the 
bifurcation permits the closing of either fork of the passage ; 
sail-cloth curtains close the tunnel portals. Air could thus be 
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circulated in either tunnel as desired, its movement being con- 
trolled either by compression or by aspiration. 

3. Rock-'lemperature. — The highest temperature encountered 
during construction was 55° C., and was encountered during 
1902, about 8 km. from the Swiss end. The method of refrig- 
erating the air in the workings was the same at each end ; cold 
water was forced into the headings and there broken into spray. 

4. Illumination. — ^For illumination at the north end eas was 

o 

used ; at the south end each miner carried an oil-lamp. 

6, Drainage, — The drainage of the tunnel was efiected by 
gravity, except for about 500 m. in the center of the tunnel. 

6. Transportation, — The transportation-service was one of the 
most important portions of the tunnel-work. The motive- 
power used consisted at both ends of steam-locomotives, com- 
pressed-air locomotives, and horses. The steam-locomotives 
worked up to about 1,500 ft, and from this point the air-loco- 
motives worked to within about 1,000 ft of the headings; the 
remaining haul being done with horses. 

7. Method of Construction , — The distance between portals is 
12.4 miles, and except for a short curve at each end, the align- 
ment is straight The elevation of the Swiss portal is 2,250 ft. 
and of the Italian portal 2,076 ft above sea-level; the highest 
point in the tunnel is midway between the portals, and is at an 
elevation of 2,310 ft ; from this summit-level the line descends 
on a 2-per cent, grade to Brigue, and on a 7-per cent grade to 
Iselle on the Italian end. 

The work consists of twin single-track tunnels exactly par- 
allel in plan and profile, and lined throughout with masonry. 
The centers of the tunnels are 55.76 ft apart; at the summit- 
level the cross-section is increased in dimensions to accommo- 
date two tracks. 

A center bottom drift was first driven by power-drills, and 
then timbered and covered with a closely-boarded roof. From 
this drift a shaft was driven upward to the roof-line every 164 
ft (50 m.). The top heading was then excavated by working 
in both directions from each of these shafts. Next in order, 
the fioor of the upper heading was removed and then the two 
side cheeks of the bottom drift. The lower drift being tim- 
bered, no interruption of the traffic in it was caused by the 
removal of the rock above. 
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8. Drillinff . — The advance drift was the only part of the 
operation performed by power-drills. The drills employed were 
Brandt rotary machines mounted in groups of two on a heavy 
thrust-bar about 12 in. in diameter. This thrust-bar was piv- 
oted to a drill-carriage and was counter-balanced. 

The section at the heading was nominally 6.6 by 9.5 ft., or 
61.75 sq. ft., and as the depth of each blast was roughly 4.5 
ft., the material removed by each blast ranged from 265 to 275 
cubic feet. 

The average daily advance was about 16 ft. at the Italian end 
and from 20 to 21 ft. at the Swiss end. This work was in 
gneiss rock. In rock of more friable nature, such as anhydrite 
or calcium sulphate, an advance of as much as 84 ft. in 24 hr. 
was made. After each blast, the time required to clean the 
heading, set the drills, complete the boring, and remove the 
drill-carriage, was more than an hour. 

9. Explosives . — The explosives used were dynamite at the 
Italian end, and blasting-gelatine at the Swiss end. 

The dynamite was put up in packages of about 1 lb. in 
weight ; each hole was charged with six cartridges ; each blast 
in the drift, therefore, used from 60 to 66 lb. of powder, or 
about 6.6 lb. to the cubic yard. Charges were fired by ordi- 
nary fuses, cut so as to give an interval between the firing 
of successive holes; about 16 min. was required after each 
blast to clear the fumes from the heading. This was accom- 
plished by means of a ventilating-pipe running close to the 
face and the use of a spray of water. The ventilating-pipe ex- 
hausted about 35 cu. ft. of air per sec., and the spray absorbed 
the gases. 

10. MucUng . — The spoil was cleared from the face by one 
gan g while another gang loaded the collected muck into narrow- 
gauge cars hauled by horses. Fo machines were used, all the 
material being handled by manual labor. The work of clear- 
ing the heading was rushed to enable the drills to be put 
to work as soon as possible. To this end the clearing-gangs 
were composed of men who had been previously rested by per- 
forming light work only, and only the most skilled and energetic 
laborers were employed. The majority of the workers were 
from southern Italy. There were 14 or 15 men at each head- 
ing, worked in three shifts daily. Each gang had two horses 
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for each shift. Horses, which cost $1.60 per 8-hr. shift, died oft‘ 
rapidly and were paid for bj" the tunnel-contractors. Other 
methods of transportation were tried but proved less economi- 
cal than the use of horses in the advance headings. The horses 
took the cars to the compressed-air locomotives, and these in 
turn took them to the steam-locomotives, as already described. 

11. Geological Conditions , — The materials penetrated, begin- 
ning at the working entrance at the Italian end, are as follows : 
At the entrance a crust of quartz; following this for 14,268 ft. 
was a very hard gneiss lying in horizontal strata and known as 
antigoria; the gneiss contained occasional seams of crystalline 
rock, quartz, sulphur, pyrites, etc. Beyond for a distance of 
about 130 ft. a disintegrated slate clay was encountered, which 
proved a most treacherous material and was the most difficult 
part of the tunnel. Succeeding the disintegrated slate for 
about 200 ft. was a mixture of mica-schist, schistic gneiss, 
cipolin, quartz, and white marble, followed by about 825 ft. of 
anhydrite or crystalline calcium sulphate ; then followed cal- 
careous rock, schists, anhydrite, granitoid rock, and schistic 
gneiss, the last being nearly as dense and hard as the antigoria 
first encountered. All these formations were in horizontal 
strata. 

To pass the disintegrated clay and slate a method of steel- 
and-timber strutting was employed. 

In antigoric gneiss the time taken for each portion of the 
attack was as follows : 

Bringing up and adjusting drills, . 20 min. 

Drilling, 1 hr. 45 min. , to 2 hr. 30 min 

Charging and firing, . . .15 min. 

Clearing away debris, . . . 2 hr. 

or for one whole attack, between 4.5 and 5.6 hr., resulting 
in an advance of 3 ft. 9 in., or a daily advance of 18 feet. 

From this it appears that the time spent in clearing away the 
spoil ecjualed that consumed in drilling, and it is in this clear- 
ing that a saving of time is likely to be effected rather than in 
the process of drilling. 

The average temperature at the face was 73° F. during 
drilling-operations, 76° F. after firing, and a maximum of 80° F. 
on the south side, with 80° F. and 85° F, before and after 
firing. 



446 


TUNNEL-DRIVING IN THE ALPS. 


12. Rate of Progress . — The progress for three months is given 
in the trial-report for 1900 as follows : 

At Bri?ue, where there were three drilling-machines in one heading and two in 
the parallel heading, the total length excavated was 995 yd., or 6,409 cu. yd., in 89 
working days The average cross-sectional area was 57 sq ft. This required 507 
attacks and 3,066 holes, which had a total depth of 26,600 ft., and 14,700 re-sharpen- 
ings of the drilling-tool. 

At Brigne 648 men and 29 horses were employed at one time in the tunnel. At 
Iselle the numbers were 496 men and 16 horses, working in shifts of 8 hr. Out- 
side the tunnel in the shops, forges, etc , the men work 8 to 11 hr. per day, the 
total being 541 men at Brigne and 346 men at Iselle. 

On the Italian side, where the rock is very mnch harder, there were three drill- 
ing-machines in each heading, the total length excavated, with a cross-sectional 
area of 62 sq ft., was 960 yd., or 6,700 on. yd., in 91 working days. This required 
61,293 re-sharpened tools, 758 attacks, 7,940 holes, with a total depth of 33,000 ft., 
and 56,000 lb of dynamite. The average time spent in drilling was 2 hr. and 55 
min., and in charging and clearing, 2 hr. 36 min. 

Thus in the hard gneiss, to excavate 1 cu. yd. of rock required 8.5 lb. of dyna- 
mite and each tool pierced 6.5 in of rock before it required resharpening. 

lY. The Lobtschberg Tunnel. 

The Loetsohberg tunnel, driven through the Bernese Alps, 
in Switzerland, is the last link of a railroad system connecting 
the city of Berne directly with the village of Brigne, which is 
situated at the north portal of the Simplon tunnel. With its 
completion, and the lately finished 12,000-ft. W eisenstein rail- 
road-tunnel located about 30 miles north of Berne, it forms 
the shortest route between London, Paris, Brussels, or Ham- 
burg, and Genoa, via Berne, Thun, Brigue, and Milan. A 
sketch-map of the Loetschberg railroad is given in Fig. 1, and 
a view from Brigue of the lower part of the road, under con- 
struction, is presented in Fig. 2. 

The question of connecting the Bernese Oberland with the 
Rhone valley had its origin as far back as the year 1S66, and 
the present location of the tunnel was proposed in 1899. In 
that year two consulting engineers, at the request of the Bern- 
ese government, began a careful study of the location of the 
proposed road, and reported in favor of a single-track tunnel 
44,600 ft. long, basing their estimate on an average cost of 
|4.90 per cu. yd. for tunnel-excavation and $6.56 per cu. yd. 
for masonry lining throughout the tunnel-length. The total 
cost of the tunnel was estimated at $107 per linear foot. 

Assuming an average progress of 4 ft, per day for hand- 
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drilling, or from 6 to 8 ft. tor machine-drilling, and from 15 to 
18 ft. for rapid driving, the time required for driving the tunnel 
was estimated at 5 years. The maximum rock-temperature 
expected to be encountered was 95° F. 

Later on, however, the expected increase of the traffic 
through the Simplon tunnel brought out the question of ac- 
commodating two tracks in the proposed tunnel, and therefore 
it was decided to drive a double-track tunnel. 

Estimates were prepared, and the cost of the new proposed 
tunnel was calculated to be : 

Tunnel-excavation and lining, ^8,660,000 

Tracks, installations, etc., 1,400,000 

Total, ^10,060,000 

or a total cost of $211 per linear foot. 

The franchise for building the road was granted to the Canton 
Berne in December, 1899, and, aside from 6,000,000 francs 
furnished by that canton, the necessary capital for building 
the road was obtained from French bankers. 

The main offices of the company, Die Berner Alpenbahn 
Gesellschaft, are situated in Berne, while the main office of 
the contracting company is in Paris. A. Zollinger is the chief 
engineer. 

The chief engineer for the company on the north portal is 
Mr. Von Erlach, and for the contractor Mr. Rothpletz; while 
for the south side Mr. Imhof is chief engineer for the company 
and Mr. Moreau for the contractor. 

The new road begins at Frutigen, in the Bernese Oberland, 
about 32.5 miles from the north portal; 50.5 per cent, of this 
length is on horizontal curves, and 90 per cent, is on grade. 
There are 12 tunnels, aggregating 16,000 ft., one of which 
is a spiral tunnel 5,460 ft. long, with a 985-ft. radius. The 
maximum grade is 2.7 per cent., and the difference in elevation 
between Frutigen and the north portal of the Loetschberg tun- 
nel is 1,370 feet. 

The main tunnel is 47,678 ft. long, and was first planned to 
be on a tangent. After the cave4n of July 24, 1908, it was 
found necessary to insert a curve of 3,600 ft. radius in the tun- 
nel in order to drive through solid rock. The elevation of the 
north portal is 3,940 ft. ; of the south portal is 4,000 ft., and the 
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maximum elevation of the tunnel is 4,081 ft. above sea-level. 
The maximum grade in the tunnel is 7 per cent. The distance 
from the south portal to the end of the line, at Brigue, is 15.75 
miles. Of this length 28 per cent., or 23,200 ft., consists of 21 
tunnels, the longest being 4,450 ft. Of this stretch 54 per cent, 
is on curves, and 90 per cent, on grade. The difierence in ele- 
vation between the south portal and Brigue is 1,110 ft., and 
the maximum grade is 2.7 per cent. The general profile from 
Spiez to Brigue is shown in Fig. 3. 

Summarizing, the total length of the road is 45.8 miles, 
of which 36 per cent., or 86,900 ft., is tunnels. Let it be 
added that, for construction purposes, a narrow-gauge railway 
had first to be built to reach both portals. On the south side 



Fig. 3.— GtENeral Longitudinal Peofile from Spiez to Brigue. 
Scale, 1 : 800,000 Horizontally ; 1 : 40,000 Vertically. 


of the tunnel the construction-railway necessitated 38 tunnels, 
aggregating 18,000 ft. Of the 38 tunnels, 11 only will be part 
of the permanent road. A view of the construction-plant at 
Ifaters at the foot of theLoetschberg railroad, giving a glimpse 
of Brigue and the Simplon railroad, is given in Fig. 4, and that 
at Goppenstein, at the south portal of the tunnel, in Fig. 5, 

1. Geological Conditions . — Beginning at the north portal, the 
materials penetrated have been calcareous for a distance of 
about 13,100 ft. ; while on the south side, crystalline schist has 
been found on about 18,000 ft., and granite, forming the 
central part of the mountain, has been penetrated by both 
headings. Fig. 6 is an idealized section near the tunnel-axis- 



TUNNEL-DRIVING IN THE ALPS. 


449 


But little water was encountered in the south heading, about 
20 gal. per sec.; while in the north heading, 105 gal. per sec. 
necessitated the construction of quite a large-sized drainage- 
ditch. 

On Julj 24, 1908, when the main heading had reached a 
point 1.6 miles from the portal, it struck a cleft filled with 
sand, gravel, and water. There was a sudden and violent 
inburst of these materials, which in a few moments filled up 
the tunnel for a length of 5,900 ft., burying 26 workmen and all 
the drills and other installations beyond hope of recovery. It 
is estimated that about 8,000 cu. yd. of sand and gravel 
entered the tunnel. 

To avoid any further irruption of the materials, the tunnel 
was walled up by a- 33-ft. wall at a point 4,675 ft. from the 
portal. 



Fig. 6. — Idealized Geological Ceoss-Section neae the Tunnel- Axis, 
Loetschberg Tunnel. 


A commission of engineers was convened to decide upon a 
course to be adopted. Three methods were considered : (1) 

To force the tunnel through on the original line ; this was 
considered impracticable, due to the great pressure from the 
690 ft, depth of water, sand, and gravel over the tunnel. (2) 
To use the freezing-process; this also was considered im- 
practicable. (3) To deviate the line and cross the Gastern 
valley further up stream. The last plan was adopted, and is 
shown in Fig. 1. The new line leaves the original location at 
a point 0.76 mile from the north portal. ISTo further serious 
difficulty was experienced in tunneling through the diversion. 

2. RochTemperatVLre. — The usual high rock-temperature met 
during the construction of the Simplon tunnel was a serious 
hindrance 'to rapid driving. Careful studies were therefore 
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made in order to determine the maximum temperature to be 
expected in driving the Loetschberg tunnel. 

As above stated, preliminary studies had fixed this maximum 
rock-temperature at 95° P. It was expected that this tempera- 
ture might be slightly exceeded, and due provision was made 
for taking care of it. With 86 per cent, of tunnel completed 
the maximum rock-temperature recorded has been 91° F., and 
it is not expected that this figure will be very much exceeded. 

The following rock-temperatures have been observed. 


North Side. South Side 


Kilometers. 

Degrees Eahr 

Kilometers. 

Degrees Fahr 

2 

58 

1.0 

68 

2.0 

58.0 

2 

75 

3 

61 

2.5 

77 

3.5 

56 

3 

79 

4.5 

60 

4 

82 

5 

61 

4.5 

87 

5.0 

66 

5 

90 

6 

69 

5.5 

91 



6 

93.5 


3. Rate of Progress . — Driving of the headings was begun on 
Oct. 1, 1906, for a single-track tunnel, and continued until Oct. 1, 
1907, when it was decided to drive a double-track tunnel ; 86 per 
cent, of the tunnel had been driven by Oct. 31, 1910. The 
headings met Mar. 31, 1911. On Oct. 31, 1910, the 4,000 ft. of 
heading which had been abandoned after the cave-in of 1908 
had been regained. 

4. Power . — The power-plant for the south heading is situated 
at G-oppenstein. It is driven by electric power. The current 
is brought at 15,000 volts, and stepped down to 600 volts for 
power-purposes. 

Compressed air for the drills (Ingersoll-Rand) is furnished by 
3 two-stage Ingersoll-Rand compressors, each having a capacity 
of 1,950 cu. ft. of free air per min., and a compression of 146 lb. 
per sq. in. They are driven by 400-h-p. electric motors. Com- 
pressed air for the locomotives is furnished by 2 four-stage In- 
gersoll-Rand compressors, having a capacity of 460 cu. ft. of 
free air per min., and a compression of 1,760 lb. per sq. in. 
They are driven by 250-h-p. electric motors. 

The power-plant for the north heading is situated in Kan- 
dersteg. Electric power, used throughout the works, is brought 
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Fig. I. — Map Showing the Location of the Lo.etsgh:beiig Kailboad. 
The Light Dotted Lines Indicate the First Proposed Tunnel- 
Axis, Before the Cave-in. 
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Fig. 2. — View from Bbigue of the Lower Part of the Loetschrerg Railroad (Under Construction). 



TUNNEL-DRIVING IN THE ALPS, 


4 ^Yiew of the Constbuctioh-Peaht in Naters, at the Foot oe the Ascent op the Loetschberg Railroad, with Glimpse 

OP Brigije and the Simplon Railroad. 
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Fig. 5. — Constructiox-Plant at Goppjenstein at the South Portal 
OF THE LoETSCHBERG TuNNEL. 


Fig. 7.— Compressor-Room in Kandersteg. 







Fig. 10. — Tunnel-Car with Drills Mounted in Position to be Taken 
Into the Heading After a Blast. 
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Fig. 8.— Compressed-Air Tunnel- Locomotive. 
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Fig. 9. — Dbill-Caiiriages First Used at Loetschbebg, the Car Carrying a Beam with a Counterweight. 
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TO BE Jacked. 


Drills. 



Standard Section. Excavation-Diagram. 

Fig. 16 .— Standard Section and Excavation-Diagram of Lobtschberg 

Tunnel. 



TUNNEL-DRIVING IN THE ALPS. 


459 


from Spiez at I55OOO volts, and stepped down to 600 volts for 
power-purposes in the tunnel as well as in the shops. 

Compressed air for the drills (Meyer) is furnished by two 
units, each consisting of a two-stage Meyer air-compressor, 
each having a capacity of 1,770 eu. ft. of free air per min,, and 
a pressure of 117 lb. per sq. in. They are belt-driven by 
450-h-p. electric motors. A view of the compressor-room at 
Kandersteg is given in Fig. 7. 

Compressed air for the locomotives is furnished by two units, 
each consisting of a five-stage Meyer high-pressure compressor, 
with a capacity of 565 cu. ft. of free air per min., and a pres- 
sure of 1,760 lb. per sq. in. They are belt-driven by a 250-h-p. 
electric motor. Fig. 8 is a view of a compressed-air locomotive. 

5. Transportation , — All trains in the tunnel are operated on 
a regular time-schedule, changed from time to time according 
to the progress of driving. 

Steam-locomotives are used outside, while compressed-air 
locomotives are run inside of the tunnel. A few mules are still 
in use in the south bottom-heading. 

Four types of cars are used for the service inside and outside 
of the tunnel : (1) Passenger-cars having a capacity of 24 men 
each, and run only when shifts are leaving or entering the 
tunnel. (2) Oars having a capacity of 35 cu. ft., used for muck- 
ing. (3) Cars of 70 cu. ft. capacity, used chiefly for transport- 
ing masonry. (4) Flat cars, used for bringing in timber, rails, 
etc. The cars used for mucking are 6 ft long, 2 ft. 8 in. wide, 
and 2 ft. deep, the upper edge being 3 ft. 7 in. above the top 
of the rail. 

The gauge for all tracks laid in the tunnel is 30 in, ; the 
rails, of from 30 to 40 lb. per yd., being laid on wooden stringers, 
except in the last 100 ft. of the bottom heading, where port- 
able rails with pressed-steel ties are used. Trains are run in 
the tunnel at a speed of from 8 to 10 miles per hour. 

6. Lighting , — ^Electric light is used only in that part of the 
tunnel already lined with masonry and partly completed. 

Portable acetylene-lamps are used throughout the tunnel 
with a few exceptions only. They are sold to the men by the 
contractors for the sum of $1. Besides giving a very bright 
light, these lamps are clean, easily handled, and they do not 
give out fumes as do oil-lamps. 
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7. Drainage . — ^Drainage on the north side.^of the tunnel is 
provided by means of a ditch 2 ft. 8 in. wide, and 2 ft. deep, 
placed between the two tracks. It has the same slope as the 
tunnel. The flow oi‘ all springs encountered on this side of the 
tunnel amounts to about 105 gal. per sec., most of the water 
coming from that part of the tunnel where the cave-in occurred 
in 1908. The flow on the south side of the tunnel amounting 
to only 20 gal. per sec., the section of the drainage-ditch is but 
half the size of the one above named. 

8. The Drill- Carriage . — The records made in driving the 
headings are due to the excellent organization, and to the 
methods of setting up and taking down the drills. 

Fig. 9 shows the type of drill-carriage first used at Loetsch- 
berg, carrying a beam with a counterweight. Fig. 10 is a view 
of a carriage with drills mounted in position to be taken into 
the heading after, a blast, and Fig. 11, the carriage carrying 
four drills now in use at the Loetschberg tunnel. In this type 
the beam and counterweight are omitted, the bar, on which 
four, five, or six drills are mounted, being placed directly on 
the truck. The width of the tunnel in which these cars can 
operate varies from 6 to 13 feet. 

A drill-carriage of simple but efficient design was devised by 
the contractors. Each carriage carries four or five drills. 
Fig. 12 shows the carriage, together with the drilling-machines, 
when brought forward just after mucking in the heading. Fig. 
13 shows the horizontal shaft swung into position ready for 
being jacked, and the drills ready to be swung into the posi- 
tion shown in Fig. 14. It can be easily seen from Fig. 14 that 
the drills can be independently swung through an arc of a cir- 
cle or moved sideways, while in Fig. 15 the different positions 
which the drills can be given by being swung in a vertical plane 
are shown. 

The time required to change the machine from the position 
shown in Fig. 12 to that shown in Fig. 14 and to commence 
drilling is usually from 6 to 8 min. This fact alone shows 
the superiority of this system of carrying the drills for such 
work over any other method used up to the present time. 

9. Explosives . — Three kinds of explosives are used. Dyna- 
mite, with about 85 per cent, of nitro-glycerine, is mostly used in 
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the headings. Westphalite and cheddite, being more safely 
handled, are used for enlarging and for small blasts. 

Great stress is laid on the fact that a high-grade explosive 
breaks the rock into small pieces, not larger than an orange,, 
which enables mucking to be done with shovels. 

Firing is done with ordinary fuses. The dynamite cartridges 
are wrapped with red paper in order to be easily detected in 
case of a mis-fire. Dynamite-carriers and handlers are pro- 
vided with red lanterns. 

10. Labor and Wages . — ^Italian labor is used throughout the 
works with the exception of some Macedonians lately im- 
ported. Mostly Italians from the northern provinces of Italy 
are employed. 

A bonus system of payment is used throughout the different 
kinds of operations. The following wages are paid : 


Drill-foreman, . 



Daily Wages. 

. fl.50 

Average Bonus. 
11.10 

Total 
$2 60 

Drill-runners, . 



. 1.00 

0.70 

1.70 

Muckers, . 



. 0.80 

0.50 

1.30 

Nippers, . 



. 0.70 

0.30 

1 00 

Tracklayers, 



. 0.80 

0.15 

0.95 

Masons, 



. 1.00 

0.40 

1.40 


There are three 8-hr. shifts per day. 

11. Excavation . — As shown in Fig. 16, the width of the fin- 
ished tunnel-section is 28 ft. at the arch-springing and 25 ft. 
at the base of the rail. The arch is semi-circular, the crown 
being 20.7 ft. above the base of rail. 

The sequence of excavation is illustrated by Fig. 17. A 
bottom heading 6.5 by 10 ft. is first driven several hundred 
feet in advance of the enlargement. Upraises are then driven 
from 500 to 600 ft. apart, and a top heading started back and 
forth. The top heading is then enlarged as shown by the sec- 
tions in Fig. 17. 

When the inclination of the strata is vertical or the formation 
is of a treacherous nature, the method illustrated by Sections 
B-B and B-E in Fig. 17 is used. 

In the bottom heading the mining-operations proceed as 
follows: The drill-carriage is run forward from its siding 
close to the face of the heading, passing over 5 ft. by 5 ft. by 
|-in. steel plates laid on the floor of the heading for a length 
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of about 30 ft. Each plate is provided with 1-in. holes at the 
corners for ease in handling with a pick. 

The water- and air-pipes laid on one side of the heading to 
about 40 ft. from its face are connected with the drill-carriage, 
and the drilling begins with the top holes. W ater-sprinkling 
is frequently done, especially in starting the holes, in order to 
lay the dust. 

"Without interfering with drilling, mucking is going on just 
behind the drill-carriage, and the loaded muck-cars are run 
back to a siding, where trains of from 20 to 30 ears are formed 
and hauled out by air-locomotives. 

Drilling being completed in the heading, the drill-carriage 
is run back to its siding, and the steel plates laid on the floor 
are covered with a layer of mack about 4 in. thick to prevent 
deterioration. 

The bore-holes are then loaded and carefully tamped, and 
the last man to leave the heading, after firing the fuses, opens 
the air-pipe valve, the escaping air thus creating a cushion of 
fresh air from the face of the heading back to a certain dis- 
tance, so that, after blasting, the muckers are able to go to 
work without delay. 

A. high-grade explosive only is used in the heading, which 
breaks the rock in small pieces and renders mucking with 
shovels easy. The bore-holes, having an average depth of 
about 4 feet, are started with a S-in. drill and finished with a 
2-in. drill. On account of giving better results, firing is done 
with fuses, about 4 ft. long, the center holes being fired first. 

Mucking-operations proceed as follows : Two empty cars are 
run to the heading, the first one being immediately loaded by 
two or three men shoveling without interruption until the car 
is fully loaded. This operation is performed in 3 or 4 min., 
which means that 1 cu. yd. is loaded in from 2.5 to 3 minutes. 

Owing to the manner of drilling and blasting and to the shal- 
low holes, the muck, instead of piling up in front of the face of 
the heading, is thrown back, and forms a layer over the floor, 
which enables the ti;gck to be cleared rapidly. 

G-etting rid of the muck is always a problem in tunnel- 
driving. At Loetschberg a cubic-meter car (35.5 cu. ft.) is 
filled in 5 min., and it takes only 1 min. to get this car away 
and bring an empty car to the heading. In order to do this. 




Fig. 17 .— Longitudinaii and Cboss-Sections, Showing Methods op Excavating. 
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small entries or chambers are excavated at intervals in the lat- 
eral wall of the main heading, which enable an empty car to 
be thrown from the track on the side, thus clearing the track 
and allowing the filled car to pass, whereupon the empty car is 
turned up on its wheels and rolled into the heading. Here we 
have an illustration of an improvised siding in a narrow head- 
ing, by means of which one ear may pass another. This sys- 
tem is shown in Fig. 18, the operation being as follows : 

When the car, A, is filled, it is taken away on the track, J5, 
and immediately after it has passed the point, (7, the empty 
car, D, which had been reversed on its lateral side, is thrown 
back on the track, brought to the advancement and filled again 




in the space of one minute. As soon as ear, D, has been 
brought to the advancement, another empty car, is brought 
to the same point, (7, reversed on its side, and waits until car, 
D, is filled and taken away again, etc. In one instance, 14 
car-loads, each of 1 eu. m. volume, were taken away in 1.5 
hr., which cleared the heading completely and allowed the 
drill-wagon to he brought in. Ten men are busy removing 
the d4bris, two of which number get at the extreme limit 
marked jP, and their work consists in searching the debris for 
the dynamite cartridges which might not have exploded. Of 
the remaining eight men, four work to fill the car, as shown 
at if, which takes 5 min.; they then rest for 5 min., while the 
second gang of four men come and fill the second car, etc. 
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Drilling is started not more than 5 min. after the removal of 
the last car-load. This result, which at first sight seems im- 
possible, is only obtained by absolute discipline. 

The man who knows that his only work at this moment is 
to connect the air-main to the drill-carriage does not do any- 
thing else; the men whose duty it is to screw the carriage 
tightly to the wall immediately jump to the right place. 

The system has been adopted of low and wide gallery in the 
proportion of 1 : 2 ; the gallery being 6 ft. high by 12 ft. wide. 

The rate of drilling is, 15 or 16 holes in 1.1 to 1.15 hours. 

An engineer who recently visited this work says : 

‘‘ When I arrived at the heading it was 9.30 a. m. The holes were being pre- 
pared for blasting. The blast took place at 9.35 a. m.; 5 min. after the blast the 
men were in place removing the debris, and at a little after 11 a. m. the drill- 
carriage was in place again and the rock-drills were working. It usually takes 
from 25 to 30 min. between the time at which the drilling is finished and the time 
at which the start is made to remove the debris ; that is to say, 25 min. for taking 
away the drill-carriage, cleaning the holes, loading with explosives and blasting. 
An additional 5 min. are consumed in getting the smoke away by means of the 
ventilator and then the men get to work at the debris. In order to assist the men 
a spray of water is discharged near the heading after the blast. This water is 
brought into the tunnel in a pipe placed within a larger pipe, which insulates it 
and keeps its temperature from being affected by the temperature of the tunnel.'*' 

Drilling in the top heading is accomplished by means of two 
or three drills carried on tripods or on a horizontal bar, while 
hammer hand-drills are used generally for the enlargement. 

Mucking-operations in the top heading are very simple, 
since all blasted material is dumped directly through the up- 
raises into cars running on a siding in the bottom heading. 

The operations of blasting, mucking, timbering, and haul- 
ing are performed without interruption and without interfer- 
ence with each other, and a special force of engineers is re- 
quired in order to obtain such a result. 

All employees and workmen are insured against accident or 
death, by the contracting company, and great care is therefore 
exercised in handling explosives and in operating the trains. 
Data pertaining to driving the headings are given in Table 1. 

12. Ventilation. — Y entilation in the tunnel is obtained from 
two ventilators 11.5 ft. in diameter, having a capacity of 53,000 
cu. ft. of air per min. at 5,5 oz. pressure. Each ventilator is 
belt-driven by a 175-h-p. electric motor, housed in a building 
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at each portal, forming part of the permanent ventilation- 
system. 

Air is taken in that part of the tunnel already completed 
through a canal of 68 sq. ft. area, made of hollow tiles, shown 
in Fig. 17, then through steel pipes to electric-driven venti- 
lators running in series, and having a capacity of 6,300 eu. ft. 
of air per min. at 14 oz. pressure. These two ventilators are 
mounted on carriages, and are moved along as the work 
advances. 

Openings are provided at intervals in the above-described 
air-canal so as to allow part of the air to escape in the tunnel. 

13. Rock, lemfcrature, etc . — ^In comparing conditions on the 
north and south ends of the Loetschberg tunnel, it is well to 
bear in mind that at the south end the rock is generally harder 
and the temperature higher. At the north end the tempera- 
ture varies from 75° to 80° F., while at the south end it has 
reached a maximum of 110° F. It is also claimed that a 
remarkable organization of the working-force exists on the 
north end. The settlement at the south end was built by the 
Loetschberg Oo. The winter there is extremely severe and 
dangerous. Three years ago, by an avalanche, seven men were 
killed, among them an American engineer named Merwarth, 
who was at the time installing the compressed-air machinery. 
Conditions of this kind do not favor the contractor in getting 
the best kind of labor. Kandersteg, at the north end, is prac- 
tically a summer-and-winter resort, full of good hotels, easy to 
reach, and a more favorable labor-market. 

At one time, when the north heading was making a daily 
progress in excess of the south heading, the contractors sent 
some of the drills from the north heading over to the south, 
thinking that perhaps the difterence in progress was due to 
the drill, but the results were not changed. It seems plain 
that were it a question of machinery only, the machinery 
making the greater progress would be used throughout, but 
the difference appears to be one of natural conditions and 
of organization. 



Table I. — Loetschberg Tunnel — Drilling- and Working-Conditions. 
N, North Side (Kandeksteg), S, South Side (Goppenstein). 

(From Official Eeport of the Berner Alpine Railway. ) 
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Table I. (^continued) — Loetschberg Tiinnel — IhnlUng- and Working-Conditions, 

N, North Side (Kandeiisteq), S, South Side (GorPEN&TEiN). 

Quarterly Eeport, No. 10 11 12 13 1909 14 15 1910 . 
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Note. — On the south side, after blasting, 12 connection-valves are opened for the rapid removal of the air in the tunnel 
During drilling ventilation is al&o done with compre&ed air 
a This figure works out 29 1 when dividing total progress by number of days. 
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The official reports show that the quantity of air used for 
ventilation on the southern end was only about half that on the 
northern end, and it is generally said that the southern venti- 
lating-system was not as effective as the northern, whereas the 
temperatures on the southern end were higher. The operating- 
force was compelled to use compressed air from the air-mains 
to increase the ventilation, which, in a measure, reduced the 
temperature, and decreased the pressure used for drilling. 
It is likely that in this way the efficiency of the drills may 
have been somewhat reduced. The working-pressures were : 
north end, 7.2 ; south end, 5.2 atmospheres. 

The nature of the rock was different on the two ends of the 
tunnel, as shown in Table I. An average of one steel was re- 
quired in the north end for 1 cu. m. of excavation, while on 
the south end an average of from 5 to 7 was required for the 
same work. 

The average consumption of steels for 2.5 years was : north 
end, 2.33; south end, 7.70 steels per cu. m. driven. 

The report for the year 1910 shows that in the first part the 
rock encountered on both the north and south ends was prac- 
tically the same, although the average drilling-time was much 
less on the north than on the south end. To explain this, the 
air-pressure on the north end during this period was 7.75, as 
compared with 5.7 atmospheres on the south end, which largely 
accounts for the difference. It must also be noted that the 
number of steels per cubic meter of rock removed was, on the 
north end, 4.65; and on the south, 8.61, which indicates either 
that the effect of the rock on the drill-bits was different, or 
that the blacksmith-work was unequal. 


I wish to express my indebtedness to Eugene Lauchli, the 
able Swiss engineer, now living in 'New York, who has greatly 
aided in the preparation of this paper. I am also indebted to 
G. H. Gilbert; F. A. Ohoffel, of Paris; and to Dr. Henry S. 
Drinker, through his work on Tannelmg ; to C. R. King, in 
Engineering News; Twnneling^ by Prelini; Practical Tunneling^ 
by Sims and Clark ; Modern Tunnel Practice^ by Stauffer ; and 
to various encyclopedias and published articles relating to the 
Alps. 
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Mining-Costs at Park City, Utah. 

BY FRED T. WILLIAMS. 

(Wilkes-Barre Meeting, June, 1911.) 

Introduction. 

The Park City mining-district is distinctively a camp of few 
properties, 6,000 acres, or one-tkird of the entire district, being 
tinder the management of but three companies. As a rule, the 
ore-bodies lie deep, with no outcrop, except where erosion has 
formed the deeper canyons and gulches. Ontario canyon ex- 
posed the famous Ontario ledge, and Woodside gulch showed 
the first ore of the Silver King Coalition mine. The Quincy 
ore-bodies were first brought to light in upper Empire canyon, 
and Thaynes canyon was instrumental in aiding the prospector 
during the early days of the camp. There are 22 shafts which 
have reached a depth of at least 500 ft., ten a depth of 1,000 ft., 
five a depth of 1,800 ft., and two a depth of 2,000 ft. The 
amount of lateral development has been proportionally exten- 
sive, including six long tunnels, four of which are in 3 miles, 
with a fifth now being driven. The Ontario lower drain-tunnel 
is now more than 4 miles long. 

The formations are sedimentary, dipping about 30° ifW. and 
K., and traversed by many fissures, dikes, and faults. The 
principal ore-bodies are found associated either with the con- 
tact of the basal Ontario quartzite and the overlying limes, or 
on a quartzite stratum within the limes, or in the fissures, or 
along some of the porphyry dikes. The district covers the in- 
tersection of the Uintah and "Wasatch ranges, which explains 
the existence of large folds and faults, and fissures of great 
length, width, and depth. 

In a general way, the geology of the district consists of a 
basal quartzite dome, which has been exposed by erosion at the 
Ontario properly. The Ontario fissure lies entirely within this 
formation. Flanking this dome on the west, north, and east lie 
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the Park City limestones, dipping about 30® towards the NW., 

N. , and ISTE., respectively, with an average thickness of 600 ft. 
This formation is Upper Carboniferous, and is the home of the 
most valuable deposits. Above the Park City formation there 
is 1,100 ft. of Woodside shales. The importance of these im- 
pervious shales to the underlying limes is readily seen. Above 
the shales occurs the Thaynes Canyon lime formation, which is 
secondary in importance to the Park City limes as an ore- 
bearer. This formation was classified by King as Permo-Car- 
boniferous. It has a thickness of 1,200 feet. 

The description of the ores given by Mr. Boutwell in 1903 
still holds good, though we are now depending more on the 
low-grade milling-ores for our production than upon the high 
grades of earlier days. The ores are essentially argentiferous 
lead-ores with accessory gold and copper and a siliceous gangue. 
The values in the sulphide ore lie in galena, tetrahedrite, and 
pyrite ; and in the oxidized ore in cerussite, anglesite, azurite, 
malachite, and complete oxidation-products. Silver has also 
been found in its native state. Zinc is a common associate in 
fissure-ore. Barite and fiuorite occur sparingly. An average 
high grade carries about 60 oz. of silver, 40 per cent, of lead, 

O. 26 oz. of gold, and 2.5 per cent, of copper. Ordinary crude 
shipping-ore will average 60 oz. of silver, 22 per cent, of lead, 
0.08 oz. of gold, and 1.5 per cent, of copper. Some zinc occurs 
with these two classes of ores ; but the smelters do not pay for 
it. The milling-ore will average from 10 oz. of silver, 4 per 
cent, of lead, and 10 per cent, of zinc up to the values of the 
crude shipping-ore. 

The fissures were the main avenues, allowing great freedom 
to the mineral-bearing solutions as they ascended through 
the quartzites and limes to the surface. I believe that the ore- 
deposition of the district is genetically connected with the 
vast masses of intrusives existing at great depths. Both mag- 
matic and meteoric waters probably played parts in redistribu- 
ting the values. The porphyry dikes of the district are of two 
ages : the older being of the same age as the fissures and in 
some instances playing the same r61e in circulating values; the 
younger porphyry dikes were formed subsequent to the most 
active period of uplifting and mineralization, and are barren. 

Replacement-deposits are found where the fissures cut the 
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limes. Deposits of the fissure type, in some instances, are not 
exhausted at a depth of 2,100 ft, while the replacement-de- 
posits have been followed for more than 8,400 ft. on the dip of 
the lime-beds. 

The ore-bearing solutions carried silver, lead, zinc, iron, and 
some gold, all in primary combinations. Under the influence 
of the oxidizing agencies, the zinc and iron gave way, differen- 
tially enriching the lead, which does not oxidize readily. That 
lead which does oxidize is the first to re-precipitate, thus en- 
larging the original lead-zone. Iron is then re-precipitated be- 
low the lead. Zinc re-precipitates last, and is found at the 
deeper levels. 

While it is desirable that data of mining-costs should cover 
large tonnages, I have preferred in this instance to take a 
number of representative headings, giving a brief description 
of the conditions obtaining at each place, believing that the 
reader can form a better idea in this than in any other way, 
of the work done. 

The data here given have been furnished by the operations 
of one of the large producing mines and are fairly representa- 
tive for the district. Other properties may have enjoyed lower 
mining-costs, due to the opening of large homogeneous ore- 
bodies; but such conditions are more or less exceptional and 
temporary. 

The total cost of development-work in the mines of the dis- 
trict ranges from |1.03 to $8.07 per ton of ore produced. The 
total cost of stoping ranges from $1.57 to $4.80 per ton. These 
high costs are due to the following conditions : (1) the irregu- 
larity of the ore-deposits in the limestone-beds, which must 
be followed for long distances in a manner which precludes 
economy of development; (2) great vertical and horizontal dis- 
tances from the main haulage-ways to the surface; (3) the 
necessity of separating at the mines the smelting-ore, the mill- 
ing-ore, and the waste. 

In mining the high-grade carbonate ores, it is our custom to 
‘‘ stay with ’’ the ore in its wanderings along the beds, and to 
take it all out as we go. This makes it possible that a very 
valuable deposit may have but one small face exposed at any 
one time, — ^which is perplexing to examining engineers who 
wish to “block out^^ a tonnage. In the operation of the larger 
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mines there have been long periods daring which there was 
practically no ore in sight, yet the usual production and profit 
have been maintained. It is rather an exception when any con- 
siderable tonnage can be “blocked out.” Such a condition 
occurs sometimes in deposits of the fissure type. 

For purposes of comparison, the cost of labor, timber, and 
explosives is given. 


Statements op Cost. 


Labor-Costs [Mght-Hour Shifts). 


Shift-bosses, . 

. 


$5 00 

Machine-men, 

. . 


3.25 

Miners, . 

. 


3.00 

Muckers, 

. 


3.00 

Trammers, 



3.00 

Timber-men, . 

. 


3.50 

Timber-men^ s helpers, . 

. 

3.00 

Station-tenders, 

...» 


3.50 

Track- and pipe-men, 

. 

3 25 

Top car-men, . 

. 


3.00 

Skinners, 

. 


3.00 

Donkey-engineers, 



3.00 

Sample-men, . 

, 


3.50 

Powder- men, . 

• 


3.50 


Timber. 



Oregon 


Native. 



Per 1,000 


Per 1,000 

Size 

Board Peet. 

Size 

Boaid Feet 

12 by 12 in., 

^23.60 

10 by 10 in., 

. $16.50 

10 by 10 in., 

23.50 

9 by 9 in.. 

. 16.50 

8 by 8 in., 

22.05 

8 by 8 in., 

. 16.50 

6 by 8 in., 

23.30 

6 by 6 in., 

. 16.50 

3 by 12 in.. 

22.25 

2 by 12 in.. 

. 20.00 

3 by 10 in., 

22.25 

2 by 10 in.. 

20.00 

2 by 12 in.. 

20.30 

3 by 8 in., 

18.50 

1 by 12 in., 

20.30 

3 by 6 in., 

. 18.50 

2 by 4 in., 

20.55 

2 by 12 in., 

. 18.50 

3 by 6 in,, 

20.80 

2 by 10 in.. 

. 18.50 

2 by 10 in., . . 

20.30 

2 by 8 in., 

. 18.50 

2 by 8 in.. 

20.30 
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Poles (^Native). 

Cents per 
Linear Foot 

3 in., 

• ••••• 

. 3.25 

4 in., 

. . ... 

. 4,5 

6 in. , 

. 

. 4.5 

7 in., 

. 

. 5.5 

Sin., 

.... ... 

. 6.5 

9 in. , 


. 7.5 

loin., 


8.5 

11 in., 

. 

. 9.5 

12 in., 

. 

. 10 

14 in., 

Wedges, $1 per 100. 

Ladders, 8 cents per foot. 

Coal, $3. 70 per ton at the boilers. 
Candles, $0.0092 apiece. 

Powder. 

. 12 


1,000 sticks of I powder weigh 281.0 lb. and cost $38.34. 

1,000 sticks of IJ- powder weigh 540.0 lb. and cost $64.40. 

4 X caps cost $5.80 per 1,000. 

5 X caps cost $7.00 per 1,000. 

1,000 ft. of Blue Label fuse costs $3.22. 

1,000 ft. of Victor fuse costs $4.12. 

1,000 ft of Eagle fuse costs $5.00. 

Drifimg, 

Record covers a 12 days’ run. Size of drift, 11 by 7 ft. 
Driven on contact-vein in quartzite with a heavy black lime 
hanging-wall. Grood air. Timbered. Dry. In ore. Mule- 
tram, 1,750 ft. Hoisting in cars through vertical shaft. 


Large Machines Used ; 22 Machine-Shifts Worked. 



Amount 

Cost 

Per Foot. 

Cost. 
Per Ton. 

Machine-men, 

. $138.12 

$2.44 

$0.39 

Muckers, .... 

. 127.50 

2.26 

0.36 

Pipe- and track-men, 

12.00 

0.21 

0.04 

Timber-men, 

31.50 

0.56 

0.09 

Miscellaneous labor, 

14.00 

0.25 

0.04 

Labor-cost, 

. $323.12 

$5 72 

$0.92 

Cost of opei'ating machines, . 

. $88.00 

$1.55 

$0.25 

Explosives, .... 

31.55 

0.56 

0.09 

Lumber and timber, 

72.12 

1.28 

0.21 

Hoisting, .... 

87.25 

1.54 

0.25 

Supplies, .... 

3.46 

0.06 

0.01 

General expense, . 

22 62 

0.40 

0.07 

Total cost, 

. $628.12 

$11.11 

$1.80 
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Cross- Gutting. 

Eecord covers a 12 days’ run. Size of heading, 7 by 7 ft. 
Three shifts per 24 hr. Two large (3J-in.) machines drill from 
the same column each shift. Three machine-men and two 
muckers work each shift. Each shift blasts. The heading was 
driven in hard quartzite dipping 25° in the direction of ad- 
vance. Dry face. Good air. The material was waste, hand- 
trammed 1,000 ft. and hoisted in cars. 


Large Machines Used; QQ Machine'Shifts Worked. 
All labor was performed by contract at the rate of |7 per foot. 



Amount 

Cost 

Per Foot. 

Cost 
Per Ton 

Labor-cost, .... 

. $651.00 

$7.00 

$1.89 

Cost of operating machines, , 

. 264.00 

2.84 

0.77 

Explosives, . 

. 229.06 

2.46 

0.66 

Hoisting, .... 

86.02 

0.92 

0.25 

Supplies, 

11.90 

0.13 

0 03 

General expense, . 

51.02 

0.55 

0.15 

Total cost, 

. $1,293.00 

$13.90 

$3.75 


Cutting Station. 

Dimensions of the station are 18 ft. wide, 7 ft. high and 
56.5 ft. long. Driven in hard quartzite. Dry. Good air. 
No tramming. Hoisting in cars. 

Large Machines Used; 31 Machine-Shifts Worked. 

The cost of machine-men, muckers, and timber-men is not segregated, but ap- 
pears in a lump sum. General expense is included in the labor-cost. 



Amount. 

Cost 

Per Foot 

Cost 

Per Ton. 

Labor-cost, .... 

. $1,140.25 

$20.53 

$2.10 

Cost of operating machines. 

. 124.00 

. 2,25 

0.23 

Explosives, .... 

. 133 88 

2.42 

0.24 

Lumber and timber, 

. 127.09 

2.28 

0.23 

Hoisting, 

. 136.50 

2.46 

0.25 

Supplies, .... 

21.11 

0.38 

0.04 

Total cost. 

. $1,682.83 

$30.32 

$3.09 


In driving this station one of the machine-men was put in 
charge of the work and held responsible, thus relieving the 
regular shift-bosses of a trip to the station and down the shaft. 
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Driving Raise, 

Eecord covers a period of 20 days. Raise on contact-vein 
in the quartzite. Dimensions of raise, 17.6 by 5.5 ft. Lime 
hanging-wall. Good drilling and breaking. Dry. Good air. 
Driven on ore. Mule-tram of 1,500 ft. and hoisted. 

Small Machines Used ; 25 Machine-Shifts Worked. 



Amount. 

Cost 

Per Foot. 

Cost 
Per Ton. 

Machine-men, 

. asi .25 

^1.31 

$0.16 

Muckers, .. .. 

58.50 

0.95 

0.11 

Timber-men, 

68.25 

1.10 

0.13 

Pipe- and track-men, 

3.00 

0.05 

0.01 

Labor-cost, 

^211.00 

^3.41 

$0.41 

Cost of operating machines, . 

. 150.00 

$0.81 

$0.10 

Explosives, .... 

33.55 

0.54 

0.07 

Lumber and timber, 

81.48 

1.32 

0.16 

Hoisting, .... 

127.25 

2.06 

0.25 

Supplies, .... 

• 4.80 

0.08 

0.01 

General expense, . 

16 28 

0.26 

0.03 

Total cost, . 

^524.36 

$8.48 

$1.03 


Winzing. 

Record covers a 7 days’ run. Dimensions of the winze, 11 
by 7.5 ft. Sunk on contact- vein in quartzite with a lime hang- 
ing-wall. Good drilling and breaking. Dry. Good air. 
Sunk on ore. Depth of winze at the time of gathering data, 
110 ft. The material was hoisted 110 ft. out of the winze, 
mule-trammed 1,200 ft., incline-hoisted 200 ft., and hoisted up 
the main shaft in cars. 

Large Machines Used ; 4 Machine-Shifts Worked. 



Amount. 

Cost 

Per Foot. 

Cost 

Per Ton; 

Machine-men, . • . 

. $28.00 

$3.73 

$0.95 

Muckers, .... 

60.00 

8.00 

2.04 

Timber-men, 

50.75 

6.77 

1.70 

Miscellaneous labor, 

19.50 

2.60 

0.67 

Labor-cost, 

. $158.25 

$21,10 

$5.36 

Cost of operating machines, . 

. $16.00 

$2.13 

$0.54 

Explosives, .... 

8.84 

1.18 

0.30 

Lumber and timber, 

9.76 

1.30 

0.33 

Hoisting, .... 

20.65 

2.75 

0.70 

Supplies, .... 

4 39 

0.59 

0.15 

General expense, . 

1.26 

0.17 

0.04 

Total cost, 

. $219.15 

129.22 

$7.42 
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Sinking Vertical Shaft 

Dimensions of shaft, 17 by 6.5 ft. over all. Record covers a 
period of 30 days. Sunk through hard quartzite. Continuous 
pumping for a distance of 300 ft. Depth of shaft, 1,700 ft. 
Rock hoisted to the nearest level by bucket, transferred, and 
hoisted to the surface by cage. 

Large Machines Used ; 12 Machine-Shifts Worked. 

The labor-cost of machine-men, muckers, timber-men and bosses is not segre* 
gated, but appears in a lump sum. 



Amount 

Cost 

Per Foot. 

Cost 

Per Ton. 

Labor-cost, .... 

. 11,140.25 

^42.23 

$5.70 

Cost of operating machines, . 

48.00 

1.78 

0.24 

Explosives, . 

86.33 

3.20 

0.43 

Lumber and timber, 

. 105.20 

3.90 

0.53 

Hoisting, 

. 100.00 

3.69 

0.50 

Supplies, 

42.00 

1.56 

0 21 

General expense, . 

91.22 

3.38 

0.46 

Total cost. 

. 11,613.00 

$59.74 

$8.07 


Sloping, 

Stopes Nos. 1, 2, and 3 have an average width of 10 ft. The 
ore occurs in quartzite with some lime. Drills and breaks 
easily. Square-set timbering used. No sorting necessary, as 
all the rock goes for mill-ore. No stope-filling placed at the 
time these costs were compiled. Rather soft hanging-wall. 
Distance from the shaft, about 1,500 ft. All the labor-costs are 
taken as shown by the pay-roll. The cost of machines includes 
everything that can be charged to the operation of the machine, 
such as sharpening steel, air, repairs, etc. The cost of explo- 
sives includes the total cost of all powder, fuse, and caps, as 
given in the table of powder-costs. The cost of hoisting in- 
cludes everything which can be charged to hoisting, such as 
steam, hoisting-engineers, shaft-repairs, etc. This item is high 
because the rock is still handled in cars through the shaft. 
Heavy hoisting-charges do not obtain throughout the district, 
as a rule. Lumber and timber are charged with the actual 
cost, delivered at the shaft. The cost of supplies covers all 
supplies going into the stopes, including candles. The general 
expense includes the wages of bosses, the cost of assaying, 
surveying, and all underground work of a general nature affect- 
ing the cost of stoping, such as powder-men, top car-men, etc. 
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Small Machines Used, Machine-Shifts Worked : Slope No, 1, 

18 ; Slope No, 2, 

73; 

Slope No, 3, 8. 



Stope No 

Stope No. 2 

stope No. 3 

Machine-men, 

858.50 

8237.25 

826.00 

Muckers, .... 

12.00 

255.00 

27.00 

Pipe- and track-men, 

9.00 

60.00 

21.00 

Timber-men, . 

10 50 

106.75 

31.50 

Miscellaneous, 

0.00 

52.00 

6.00 

Total la})or. 

890 00 

8711.00 

8111.50 

Cost of operating machines. 

836.00 

8146.00 

816.00 

Explosives, . 

16.50 

84.20 

14.36 

Lumber and timber. 

114.16 

493.11 

160.36 

Hoisting, 

33.75 

401 62 

39.00 

Supplies, 

4.09 

10.72 

9 8S 

General expense, . 

6.55 

56 00 

8.00 

Total cost, 

8301.06 

81,902.65 

83o9. 10 

Tons of ore, . 

121.5 

1,606.5 

156.0 

Tons of waste hoisted, . 

13.5 

0.0 

0.0 

Total tons, 

135.0 

1,606.5 

156.0 

Cost per ton, 

82.23 

81.19 

$2.30 

Stoj^e No. 4. — The average width 

of this stope 

is 16 ft.,othe 

wise the conditions are practically 

the same as 

those in stop* 

Nos. 1, 2, and 3. Distance from the shaft, 1,700 feet. 

Small Machines Used ; 15 Machine-Shifts Worked, 



' 

Amount 

Machine-men, 

. 


$48.75 

Muckers, 

. 


52.50 

Timber-men, 

• 


32.60 

Total labor, 


8133.75 

Cost of operating machines, 


830.00 

Explosives, . 

. 


15.11 

Lumber and timber, 



112.00 

Hoisting, 



56.30 

Supplies, 



9.62 

General expense, . 

• 


24.07 

Total cost, 

• 


$380.76 

Tons of ore, 



232.2 

Tons of waste hoisted, . 

• 


9.0 

Total tons, 



241.2 

Cost per ton, 

, , 

. 

81.67 
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Stojpe No. 5. — This stope has been chosen because it repre- 
sents a type frequent in the Park City district. The width 
varies from 4 to 11 ft. The timbering is partly stull and partly 
square-set. The stope is 225 ft. above the level and 4,600 ft. 
from the shaft. Very wet, gum clothes being necessary for 
the most part. The ore is being followed up and along the 
beds of lime, necessitating a triple handling of the ore before 
it reaches the level. The ore is mule-trammed to a point near 
the shaft, dropped to the tunnel-level by chute, and hauled to 
the railroad. 

Small Machines Used , 121 Machine-Shifts Worked. 


Amount. 

Machine-men, 1418.00 

Hand miners, 276.25 

Muckers, 290.50 

Pipe- and track-men, . ... 10,50 

Timber-men, 226.00 

Miscellaneous labor, 67.00 


Total labor, $1,287.25 

Cost of operating machines, $242.00 

Explosives, 59.64 

Lumber and timber, 90.06 

Hoisting, 98.52 

Supplies, . 26.65 

General expense, 90.10 


Total cost, $1,893.22 

Tons of ore, 390.6 

Tons of waste hoisted, ...... 3.5 


Total tons, 394. 1 

Cost per ton, $4.80 


VOL. XLII. — 28 
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Geology of the Cobalt District, Ontario, Canada. 

BY REGINALD E. HORE,^ HOUGHTON, MICH. 

(Wilkes-Barre Meeting, June. 1911 ) 

1. Introduction. 

Since the discovery of silver at Cobalt, Ontario, in August, 
1903, more than 100,000,000 oz. of silver have been produced 
by the mines in the Hipissing district, and there is reason to 
believe that at least as much more will be produced in the next 
five years. The estimated value of the aggregate output of 
ore to the end of 1910 is |48, 827,280. The ore yielded 
93,977,833, oz. of silver and was mined at a net profit of about 
126,000,000. For 1910 the production was 30,558,825 oz., 
valued at |15,436,894, and yielding a profit of about $9,000,000. 
The details of the production of the Cobalt district for the 
years 1904 to 1909, inclusive, as reported by the Ontario 
Bureau of Mines, are given in Table I. 


Table I. — Silver-Production of tfie Cobalt District, 1904 to 1909. 

SMELTINe-OEE. 



Production. 

Value 

Silver-Content. 

Value Per Ton. 

j 

1904 

Ounces. 

206,876 

1111,887 

Oz. Ber Ton. 
1,309 

$708 

1905 

2,461,356 

1,360,603 

1,143 

634 

1906 

6,401,766 

3,667,651 

1,013 

687 

1907 .. . 

10,023,311 

6,155,391 

677 

416 

1908 

18;022,480 

8,468,293 

736 

363 

1909 

22,486,366 

10,809,872 

809 

389 

1908 

1,415,396 

Concentrates. 

$665,085 

1,240 

685 

1909 

3,461,470 

1,651,704 

1,174 

569 


The shipments from Cobalt are in the form of smelting-ore, 
concentrates from milling-ore, and bullion. The smelting-ore 
is largely high grade, averaging about 3,000 oz. per ton. A 
'smaller return is from what is called low-grade ore and which 

* Instructor in Geology, Michigan College of Mines ; Assistant State Geologist 
of Michigan. 
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averages about 200 oz. per ton. The ore milled in the camp 
averages about 30 oz. per ton. In 1910 the bullion shipped 
contained about 940,000 oz. of silver, and a much larger 
amount will be sent out in 1911. 

Nearly all of the ore has been obtained from mines located 
within 3 miles of the original discovery ; but silver- and cobalt- 
ores have been found in widely-separated areas, and there are 
now well-established camps at Gowganda^ and South Lorrain. 
Neither of these camps can rival Cobalt, yet each one, while 
operating under adverse conditions, has shipped several car- 
loads of rich ore and has developed considerable concentrating- 
ore. One mine in Casey township, north of Lake Temiska- 
ming, makes occasional small shipments. The camps at Elk 
lake and at Maple mountain have attracted considerable atten- 
tion, though the ore-deposits so far discovered are small and 
irregular. 

These camps, and several others in which similar but non- 
productive deposits have been found, are in the district of 
Nipissing. They lie within a broad belt of Huronian rocks, 
the southern boundary of which stretches from Georgian bay, 
NE. to Lake Temiskaming and Quebec Province. There is 
thus a large field, about 80 miles square, in Nipissing in which 
numerous discoveries of native silver and cobalt arsenides have 
been made, and in which more will doubtless be made as ex- 
ploration is continued. Immediately north of Gowganda lies 
the newly-discovered Porcupine gold-field. I have described 
the silver-fields in a general way in my paper.^ The present 
paper relates chiefiy to the geological features of the Nipissing 
district. A summary of recent developments at Cobalt has 
been published elsewhere.^ 

Pig. 1 is a sketch-map of the Cobalt district, and Pig. 2 is a 
view of the town of Cobalt from Nipissing hill. Pig. 3 illus- 
trates the method of prospecting by trenches at* the Nipissing 
mine, the Coniagas mine appearing in the background of 
the view towards the right-hand- side, and the Bufialo mine 


^ Silver Deposits of Gowganda District, Ontario, Mining Worlds vol. xxxii., 
No. 24, pp. 1171 to 1173 (June 11, 1910). 

^ The Silver Fields of Nipissing, presented at the Toronto meeting of the 
Canadian Mining Institute, in 1910 j not yet published. 

® Engineering and Mining Journal j vol. xci.. No. 14, pp. 717 to 718 (Apr. 8, 1911). 
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at the left. Fig. 4 gives a nearer view of the plants at the 
Coniagas and Trethewey mines. 

II. General Geology. 

The district here described is underlain for the greater part 
by rocks of four distinct series, all believed to be pre-Cam- 
brian. The oldest is a complex of much metamorphosed 
igneous and sedimentary rocks, designated by the name 
Keewatin. Intrusive into these is a series of siliceous, dis- 
tinctly-grained igneous rocks, called Laurentian. Lying un- 
conformably on both of these formations is the sedimentary 
series to which Logan gave the name Huronian, Intrusive 
into all of these are masses of diabase, here referred to the 
Eeweenawan. The Laurentian and Keewatin together com- 
prise the Archaean, and the Huronian and Keweenawan make 
up the Algonkian. There is, HW. from Lake Temiskaming, 
a series of fossiliferous sediments, chiefly limestone, which lies 
un conformably on the Algonkian, and which has been corre- 
lated with the Magara of Hew Fork State. 

Rich silver-ore has been mined from the Huronian sedi- 
ments, from the Keewatin complex, and from the Keweenawan 
diabase; but none from the Laurentian rocks. Probably 90 
per cent, of the silver has been taken from veins in Huronian 
sediments. 

The geological section of the Cobalt district is outlined in 
Table II. The chief divisions were noted by Sir William E. 
Logan and Robert Bell in the early reports of the Canadian 
Geological Survey. The subdivisions were made by Dr. A. E. 
Barlow,^ Dr. W. G. Miller,® and others as the result of more 
detailed mapping for the Dominion and Provincial governments. 
I offer the table in this form after having had numerous oppor- 
tunities of observing the structural relations and examining mi- 
croscopically several hundred rock-sections. Free use has been 
made of the literature bearing on the geology of the district and 
I append a list to this paper. 

* Beport on the G-eology and Natural Eesources of the Area Included by the 
Nipissing and Temiscaming Map Sheets, Geological Survey of Oomida, New Series, 
vol. X., pt. L, 303 pp. (1897). The Temagami District, Sumrmry Beport of the 
Geological Survey Department of Canada^ pp. 120 to 133 (1903). 

® Cobalt-Nickel Arsenides and Silver-Deposits of Temiskaming, Fourteenth Be- 
portj Ontario Bureau of Mines, pt. II., 66 pp. (1905) ; Sixtemth B^ortf pt. IL, pp. 
1 to 116 (1907). 
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Table II , — Rocks of the Nipissing Silver-Fields. 


1. Oenozoic: 

Recent Clay, marl, peat. 

Pleistocene (1) Coarse unstratified material — sand, gravel, boulders. 


(2) Stratified clay with some sand. 

Great unconformity, 

2. Pal-EOZoic . 

Silurian Gray limestone with some interbedded greenish shales, 

and at the base an arenaceous conglomerate. 

Correlated with Niagara of New York State. 


Great unconformity. 

3. Algonkian: 

Keweenawan Igneous intrusives only. Chiefly quartz-diabase and quartz- 

gabbro with acid differentiation-products. Some olivine- 
diabase and diabase-porphyrite dikes. 

Igneous contact. 

Suronian Sedimentary rocks only 

(a) An upper series. Probably equivalent to Middle 
Huronian of Lake Superior district. Chiefly feldspathic 
quartzite with some conglomerate. 

Slight unconformity. 

(b) A lower series. Probably equivalent to Lower 
Huronian of Lake Superior district. Chiefly gray wacke, 
shale, conglomerate, and feldspathic quartzite. The 
conglomerate pebbles are mostly of holocrystalline 
igneous rocks, the matrix graywacke and gray shale. 
The rocks are seldom schistose except as the result of 
contact metamorphism. 


Great unconformity. 

4. AECHiEAiT: 

Laurentxan Igneous intrusives only. Holocrystalline light-colored 

siliceous rocks. Chiefly granites, diorites, syenites, and 
gneisses. 


Igneous contact. 

Keewatin Igneous and sedimentary rocks. All much metamorphosed 

and many schistose. The relative age of the igneous 
and sedimentary rocks is doubtful. The igneous rocks 
are chiefly of extrusive types. 

Pxtrusives (1) Dark-colored basic rocks — basalts — 

mostly with composition and texture of 
altered diabases. 

(2) Light-colored siliceous rocks — f e 1 s i t e - 
porphyries — m o s 1 1 y quartz-porphyries 
which have been altered to sericite- 
schists. 

Intrusives (1) Basic rocks, mostly diabase and gabbro. 

(2) Siliceous rocks, mostly quartz-porphyries 
and porphyrites. 

Sediments (1) The iron-formation, chert, jaspilite, car- 

bonates, slates, and green schists. 

(2) Fragmental volcanic rocks — a gray f elsite 
agglomerate. 
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in. Pbtrologt. 

1. Kematin Formations. 

The Keewatin rocks are of very numerous types; some igne- 
ous, some sedimentary, and all much metamorphosed. None 
are of great areal extent. The igneous are more widespread 
than those that are believed to be of sedimentary origin. 



Fra. 1 . — Sketch-Map op the Cobalt Distbiot, OrtTAKro. 


The igneous rocks are for the most part fine-grained types, 
varying in color from dark greenish black to very light gray, 
and in composition from basic to highly siliceous. Medium- 
to coarse-grained dark-colored masses intrude those of finer 
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grain, and holocrystalline light-colored siliceous rocks are typi- 
cally absent. 

The most widespread of the Keewatin rocks are the fine- 
grained dark-colored basaltic types, which resemble closely the 
Mona schists of Michigan. These rocks are always much 
altered, and from the color of characteristic decomposition- 
products are conveniently referred to as greenstones. Most 
frequently the chief original minerals found in them are soda- 
lime feldspars, pyroxene, hornblende, and iron-ores, Ophitic 
textures are found in many of the specimens examined, and 
rocks of the composition and texture of altered diabase are 
especially prominent. There are also dark- colored rocks in 
which there is a marked foliation and to which the terms 
chlorite- and hornblende-schist are applicable. The light- 
colored volcanics are much less abundant, and are not found 
in all the localities in which the Keewatin rocks are well de- 
veloped. As a rule their original character is obscured and 
they have a schistose structure. A common type is yellowish 
to greenish serieite-schist stained by decomposition-products of 
pyrite. 

Dike rocks of various types are found intruding the volca- 
nics. Among dark-colored ones, olivine-diabase, diabase, and 
lamprophyres are common. Quartz-porphyries are prominent 
among the light-colored varieties. 

Fragmental igneous rocks are comparatively rare in this dis- 
trict. They are usually of rather light color, gray to greenish, 
and of intermediate composition, and resemble the Kitchi 
schists of the Marquette iron range. 

The rocks thought to be of sedimentary origin are cherts, 
carbonates, slates, schists, and jaspilites. They constitute what 
is commonly known as the iron-formation.’’ The surface-ex- 
posure of some iron-formations suggests truncated sharply- 
folded synclines of sediments which were originally ferruginous 
carbonates, cherts, and shales. The metamorphic rocks pro- 
duced from these are now inclosed by igneous rocks, on which 
they may have been deposited. It has been remarked that 
most of the Keewatin rocks are of volcanic types, and that the 
fragmental ones have characters similar to those produced by 
water-action. It is possible, therefore, that much of the igne- 
ous material was emitted by submarine volcanoes, and that the 
sediments are of practically contemporaneous origin. 
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There are several rich veins of silver in Keewatin rocks at 
Cobalt. Most of the recently-discovered gold-quartz deposits 
at Porcupine, 50 miles north of Growgauda, are in Keewatin 
rocks — chiefly in schists impregnated with carbonates. I have 
recently described ® these gold-deposits. 

2. Laurentian Formation. 

The rocks of this series are for the most part holocrystalline 
light-colored siliceous types. They are medium- and coarse- 
grained granites, diorites, and syenites. Quartzose varieties 
are especially prominent, and red granites are the most common 
members of the group. Some of the granites are practically 
free from dark-colored minerals, while others are characterized 
by biotite and hornblende. The syenites usually show green 
hornblende. In many parts of the district gneissoid structure 
is not specially prominent, thus differing markedly from the 
rocks of the original Laurentian area. Wherever these rocks 
have been found in contact with those described above as Kee- 
watin, they intrude the latter. So far as I am aware, no rocks 
of this type in the silver-field have been found intrusive into 
the sediments described below as Huronian. In numerous 
instances I have found Huronian conglomerates which lie un- 
comformably on granites and syenites referred to the Laii- 
rentian. Ko deposits of economic importance have been found 
in Laurentian rocks in Hipissing. 

3. Huronian Formation. 

All of the rocks of the Huronian series are of sedimentary 
types. The lower beds are chiefly conglomerate, shale, felds- 
pathic quartzite, and graywacke. Slaty cleavage, found in 
many instances, is only locally developed, and there are few 
large areas of true slates. Fig. 5 is a view of a typical out- 
crop of Huronian sediments in the Temagami Eeserve; the 
well-stratified shaly graywacke is overlain by the massive gray- 

® Canadian Mining Journal^ vol xxxi., No. 20, pp. 617 to 622 (Oct. 15, 1910) ; 
No. 21, pp, 649 to 656 (Nov. 1, 1910) ; vol xxxii., No. 8, pp. 82 to 86 (Feb. 1, 
1911). Engineering and Mming Journal, vol. xc , No 27, pp. 1296 to 1298 (Dec. 
31, 1910). Mining and Scientific Press, vol. ci.. No, 22, pp. 705 to 706 (Nov 26, 
1910) ; vol. cii., No. 17, pp. 588 to 591 (Apr. 29, 1911). Also, Quebec Meeting, 
Canadian Mining Institute, March, 1911. 











Fig., 5. A Typical Outcrop of Huronian Sediments, Temagami Reserve. Well- 

Stratified Geaywacke Overlain by Massive Geaywacee Conglomerate. 


Fig. 6. — ITuec 


Fig. 7. — Weathered Surface of Huronian Conglomerate, Nipissing Mine, Cobalt. 







Fig. 9.— RtoH Ore Showing at the. Surface on the Lawson Property op La 
Eose Mines. Shows How the Readily-Weathering Smaltitb Has Been 
Preserved Singe Gtlacial Times by a Few Feet of Drift. 












Fig. 10 .— Silyer-Smaltite Veiits, Cobalt. Fig. 11 .— Smaltite-Silver Vein, Cobalt, 


Fig. 12 .— Adit on Karrow Vein, La Eose Mine. Shows Jointing and Bedding 

IN Gbaywacke. 
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wacke conglomerate. Fig. 6 illustrates the conglomerate 
which occurs at the Ooniagas mine, and Fig. 7 the weathered 
surface of an outcrop at the JTipissing mine. 

The usual succession is, a basal conglomerate with a dark- 
colored hardened mudstone matrix, grading into graywacke 
and shale with no large pebbles. Above the shales are feld- 
spathic quartzites, and these are overlain by a massive conglom- 
erate. The thickness of the beds varies greatly, partly owing 
to the very irregular contour of the underlying rocks, and 
to marked diflerences in erosion. At Cobalt the series is 
rarely 300 ft. thick; but Dr. Parks describes a 550-ft. vertical 
section of similar rocks at Chaminiss hill, east of Larder 
lake. 

A younger series of sediments -consisting largely of feld- 
spathic quartzite overlies those described above. In most 
instances where exposures showing the relations have been 
discovered, there is a gradual transition from the lower to the 
upper series. In other cases there is a definite line of demar- 
cation between the two series. In a few instances there is a 
discontinuity of deposition expressed by a basal conglomerate. 

1. Gonglomerate . — The conglomerate of the lower series is a 
very peculiar type of rock, and it is difficult to interpret its 
mode of formation. The distribution of the pebbles is very 
irregular, and in some parts there are rounded boulders several 
inches in diameter, scattered at wide intervals through fine- 
grained graywacke and shale. The pebbles are of many types, 
the most conspicuous being red and gray granites, similar to 
the rocks of the Laurentian. The darker-colored boulders are 
in part granitoid types ; but frequently are fine-grained rocks 
similar to the more massive members of the Eeewatin series. 
Boulders similar to the more readily disintegrated schists and 
slates of the Keewatin series are only conspicuous in portions 
of the conglomerate in the immediate vicinity of the latter. 
There is a marked similarity in the types of boulders in the 
conglomerate in all parts of the area ; but near the base of the 
beds there is an unusually high percentage of types similar to 
those other rocks which are immediately adjacent. 

With the exception of a few angular fragments at the base, 
the boulders are generally well rounded, as though water-worn ; 
others are subangular. The arrangement of the boulders and 
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the character of the matrix suggest glacial debris. See Dr. 
A. P. Coleraan’s paper, The Lower Huronian lee Age,’^ and my 
paper. The Glacial Origin of Huronian Rocks of Mpissing.® 

2. Shales . — Intimately associated with the conglomerates are 
hard, distinctly-bedded shales, which for the most part are gray in 
color, and less often greenish black. Occasionally these shales 
are iuterbanded with layers of purple, green, and pale gray 
colors. All are composed partly of minute indeterminable 
particles. The chief recognizable minerals are quartz and 
decomposed feldspar, minute scales of chlorite and sericite, and 
small grains of epidote, biotite, and iron-ores. 

3. Gra/jwacke . — There are some rocks, closely allied to the 
shales and arkoses, to which the term “ graywaeke ” is applied. 
The chief recognizable constituents are feldspar, quartz, a dark 
chloritie mineral, and a pale-colored mica. Less abundant are 
small particles of iron-ore and epidote, while biotite, pyroxene, 
and amphibole are rare. With the minerals are angular and 
rounded rock-particles of various sizes. Rock of this type in 
some instances is found in massive beds of uniform character, 
and similar material forms the matrix of much of the boulder 
conglomerate. 

4. Quartzite and Arkose . — The most widespread and thickest 
beds of Huronian rocks are quartzites and arkoses. The 
quartzites are in most instances feldspathic and grade insen- 
sibly into typical arkoses. They are usually very massive, fine 
to medium grained, and not unlike lighhcolored granites in 
appearance. 

Most of the rich deposits at Cobalt are in Huronian rocks, 
and especially in the conglomerate. In no part of the district 
have ores been found in the upper series of the Huronian. 

4. Keweenawan Formation. 

The igneous masses referred to this series are of types having 
for the most part the composition and texture of diabases,® the 
most abundant being medium-grained gray quartz-diabase. 
Coarser-grained types are in part typical diabase, and less often 
of the texture of gabbros. Some red-colored and quartzose 

^ Journal of Geology, vol. xvi., Ifo. 2, pp. 149 to 168 (Feb. -Mar., 1908). 

® Journal of Geology, vol. xviii., No. 6, pp. 459 to 467 (July-Aug., 1910). 

“ Diabase ot the Cobalt District, Jowmal of Geology, vol. xviii., No. 3, pp. 271 
to 278 (Apr. -May, 1910). 
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masses are closely connected in composition and origin with 
the gray diabase, while aplitic veins of soda granite are proba- 
bly siliceous diflerehtiation-products. There are also some 
dikes of olivine-diabase and of diabase-porphyrite. 

In none of these masses do the structures or textures indi- 
cate volcanic origin, thus differing markedly from the copper- 
bearing rocks with which they are here correlated, I regard 
these masses as the deep-seated equivalents of the Keweenawan 
volcanics of Lake Superior. 

The Diabase Masses . — There is great variety in the size and 
shape of the exposed masses. Many are of decided sheet-like 
form. The sills vary in thickness from 100 to 500 ft, and in 
extent can seldom be traced continuously for more than a few 
miles. 

In many cases the diabase conforms to, and has apparently 
its shape determined by, the bedding-planes of underlying 
shales. The shales usually dip slightly towards the diabase, 
suggesting that collapse followed the sealing of the feeding- 
channels. Other masses show in places decided stock-like 
contacts, and many of the smaller outcrops are dikes. 

The greater portion of the diabase masses is of dark-gray 
color and of medium grain. The specific gravity is about 3. 
The rock is composed chiefly of grayish or greenish soda-lime 
feldspars, set in dull brown pyroxenes. Biotite and black iron 
oxides are generally also visible. Quartz is frequently present, 
though often in small quantity interwoven with feldspar, and 
then not always visible to the naked eye. 

In some specimens there is a decided pink color, due to the 
presence of pink sodic feldspar. In these portions quartz is 
more prominent, and grains of chalcopyrite and pyrite are fre- 
quently visible. 

While in some instances the texture is that of gabbro, the 
diabasic character is generally developed in more or less 
degree, and the term diabase has, therefore, been used in 
this article as a designation for the rock-masses. For some 
minor portions of the masses, the term ‘‘ gabbro should be ap- 
plied. Other small portions are albite-granites and quartz-gab- 
bro. The red portions, like the Lake Superior ^‘red rocks,” 

Differentiation Products in Quartz Diabase Masses of the Silver Fields of Ni- 
pissing, Economic Geology^ vol. vi., N'o. 1, pp. 51 to 69 (Jan.-Feb., 191 1). 



494 GEOLOGY OP THE COBALT DISTRICT, ONTARIO, CANADA* 


usually show the intergrowth of quartz and feldspars character- 
istic of micropegmatites. 

IV. Structure op the Dbposits.^^ 

The ore-bodies are all fissure-fillings, and the veins are but a 
few inches wide. Surface-exposures of some silver- smaltite 
veins in the Cobalt district are shown in Pigs. 8, 9, 10, and 11. 
The jointing and bedding in the shaly graywacke is shown in 
Pig. 12, a view of the adit along a narrow vein at the La Rose 
mine. There is, with a few important exceptions, little evi- 
dence of extensive faulting; but in numerous cases slight, and 
nearly horizontal, displacements took place previous to and 
also subsequent to the deposition of the ore. At the south end 
of Cobalt lake a number of faults, one of which shows a vertical 
displacement of 400 ft., have been encountered. 

In some veins, post-glacial weathering has resulted in the 
decomposition and removal of part of the filling. At the sur- 
face of rich veins silver nuggets have been found in dark earthy 
material partly made up of cobalt oxide. These decomposition- 
products are especially characteristic of veins not covered by a 
mantle of drift. In some veins thus protected fresh smaltite 
is found but a few inches below the surface, and some of the 
veins of rich ore still show the marks of the ice action. Pig. 
9 shows such a vein at the Lawson mine. 

Many of the fissures are nearly vertical, and most of the 
others are steeply inclined. In the Huronian sediments, the 
fissures, usually vertical and regular in direction, pass indiffer- 
ently through boulders and matrix in the conglomerate. Fis- 
sures in the Keweenawan diabase are usually vertical or steeply 
inclined, while those in the Keewatin greenstones are usually 
inclined and irregular. 

The fissures are almost all very small. Pew productive veins 
have been followed 500 ft, and very few are known to persist 
horizontally more than 1,000 ft. The depth of the ore-filled 
fissures has been found in many instances to be from 100 to 200 
ft, and in a few instances from 400 to 500 ft. Comparatively 
little ore has been taken from below the 300-ft level, though 
a few deposits have been proved to greater depth. There are 
at present very few mines in which the workings are more 

For fuller discussion see The Mining Woi'ld, vol. xzxiii., No. 17, pp. 747 to 
761 (Oct 22, 1910). 
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than 400 ft. deep ; one in Keweenawan diabase, the others in 
Keewatin greenstones. Recent explorations below the 200-ft. 
level have resulted in the discovery of rich ore-bodies in some 
mines, and there is now more confidence that values will be 
found at depth. 

V. Influence of the Country-Rock. 

Veins in the Huronian conglomerate have yielded by far the 
greater part of the silver-product at Cobalt, and a vein in 
similar rocks at Miller lake, Gowganda, is the greatest single 
producer outside of Cobalt camp. Much rich ore has been 
mined from Keewatin rocks at Cobalt, but as a rule the values 
are less persistent than in the Huronian. Veins in the diabase 
are very numerous, but comparatively few are of importance. 
These include two highly-productive veins at Cobalt and a vein 
in South Lorrain in which a large tonnage of rich ore has been 
blocked out. 

Some of the important fissures in the Huronian sediments 
terminate without reaching the underlying greenstones, others 
terminate at or near the contact, while still others continue 
down into the greenstones. Of the latter, most show a marked 
decrease in silver-content in the greenstones. The fissures 
also become irregular in direction, and not infrequently the 
veins break up into narrow stringers. 

In passing from Huronian to Keewatin rocks, there is in 
nearly all cases a marked change in the character of the fissure, 
and in most cases also in the character of the fissure-filling. 
Invariably where there has been a marked change in values at 
the contacts it has proved a change for the worse. In some cases 
fissures have been followed down from Keewatin greenstones 
into the younger diabase intrusive, and at one mine a distinct 
improvement in silver-values was found in the diabase. The 
fissures have been also followed down from the diabase into 
greenstones and sediments. In one case a vein passed from 
diabase into underlying Huronian shales, with reported in- 
crease in silver-values in the shales. 

From results of early workings, the operators have not had 
much faith in the Keewatin rocks ; but during the past year 
some very rich ore-shoots have been found in these rocks at 
depth. 
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VI. The Oees. 

1. Getwral Character . — Native silver is the chief ore, and in- 
timately associated with it are the cobalt-minerals, especially 
smaltite and erythrite (cobalt-bloom). While there are nu- 
merous cobaltiferous veins in which no native silver has been 
found, there are few, if any, native-silver-bearing veins in 
which no cobalt-minerals have been found. Generally with 
the smaltite is associated some niecolite. The gangue is calcite 

• and dolomite. Quartz is comparatively rare in the producing 
veins. 

The values are very irregularly distributed. In many of the 
best veins there are very frequent and sudden changes in con- 
tent, so that of large samples taken a few feet apart in the ore- 
shoots, one may contain a few ounces and the next one several 
thousand ounces of silver. Shoots approaching uniform value 
throughout are seldom 100 ft. long. There are numerous 
calcite and dolomite veins that are barren. 

The average silver-content of the ores is very high. Of the 
first two years’ shipments to Ledoux & Co., 394 lots in all, 
37.25 per cent, assayed more than 1,000 oz. per ton. The 
“ nuggets ” received by the same firm during those two years 
(1905-06) averaged 95 per cent, of silver. Ores carrying 
from 100 to 250 oz. per ton are generally spoken of as low 
grade, and the ore shipped to smelters seldom contains less 
than 60 oz. Many cars average 3,000 oz., and one car 
averaged about 9,000 oz., per ton. The concentrating-ores 
treated at Cobalt in 1908 averaged 32 oz. and yielded 28 oz. 
per ton, with a total of 1,415,395 oz. contained in 1,185 tons 
of concentrates. Table I. shows the total silver-production 
and its value, and the average content and value per ton. The 
shipments are classed as smelting-ores and concentrates. 
There are 14 concentrators but no smelters at Cobalt. Recently 
the Nipissing mine has found an economical method of reduc- 
ing the high-grade ore and is now shipping bullion obtained by 
this process instead of ore. 

2. Cost of Production . — The profit from the mining-operations 
at Cobalt has been remarkable. According to the report of 
Mr . Gibson,'* Deputy Minister of Mines of Ontario, for the seven 


Annual Befort^ Ontario Bureau of Mines (1910). 
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years, 1904-1910, silver-ore valued at $48,327,280 was mined, 
and from this $21,802,150 was paid out in dividends and 
private companies made profits of more than $3,000,000. A 
study of the annual reports of the chief producers shows that 
the cost of producing ore is very high, yet the narrow veins 
are so rich that the margin of profit is in many cases 30 cents 
and in some cases 40 cents per ounce of silver. The cost of 
production varies considerably at difterent mines, but the lead- 
ing shippers have taken out their ore at a cost of less than 20 
cents per ounce of silver. Mpissing mine, the largest producer 
in the camp, reports total costs for 1909 to have been 16.39 
cents per ounce and 14.72 cents for 1910. For 1910, Crown 
Reserve mine reports costs of 11.97 cents ; Kerr Lake mine, 
13.27 cents; and La Rose mine, 19.11 cents per ounce. 

VII. Origin op the Deposits. 

In the paper presented before the Canadian Mining Insti- 
tute in 1908, I discussed the origin of the ores, giving reasons 
for believing that the constituents were present in the diabase 
magma, that the Keewatin greenstones have aided in their de- 
position, and that the chief function of the sediments was 
affording suitable fissures for deposition. 

It was stated that we may expect to find similar ore de- 
posits where the diabase sills are associated with Keewatin 
igneous rocks, and especially valuable deposits where Huronian 
sediments are also present.’’ 

Recent developments show that in the two mosb promising 
regions outside of Cobalt, namely, South Lorrain and Gow- 
ganda, the veins are in the vicinity of contacts of the diabase 
and altered greenstones. The most productive of these veins 
is one in Huronian sediments near the diabase and old green- 
stones. The theory outlined is therefore still considered 
tenable. 

On the other hand, there have been found, west of Gowganda 
lake, important veins in a diabase ridge in the vicinity of 
which no old greenstones have been recognized. The same is 


Origin of Cobalt-Silver Ores of Northern Ontario. Journal of the Canadmn 
Mining Institute, vol. xi., pp. 276 to 286(1908) ; Econmnie Geology, vol. iii., No. 7, 
pp. 699 to 610 (Oct.-Nov., 1908). 
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true of silver-veins at Maple mountain. In these cases the in- 
fluence of the intruded rocks is not apparent, and the ores 
occur in the irregularly-spaced jointing in the diabase itself. 
The ecenetic connection of the ores with the diabase is naore or 
less evident in every camp. 

VIIL Bibliooraphy or Explorations in Fipissino 
Silver-Fields. 

The following list of published maps and reports may prove 
useful : 

Report of William E. Logan, Geologi&il Survey of Canada^ 1845-4t>, pp. 6/ to 75, 
Country between. Lakes Temiscamang and Abbitibbe. Walter McQuat, Report of 
ProgresSf Geological Survey of CanadxL, 1872-73, pp. 112 to 136. 

Report on an Exploration in 1865 between James Bay and Lakes Superior and 
Huron. Robert Bell, Report of FrogresSf Geological Survey of Canada^ 1875- 
76, pp. 294 to 342. 

The Laurentian and Huronian Systems North of Lake Huron. With map. 

Robert Bell, First ReporU Ontario Bureau of Mines^ 1891, pp. 63 to 94. 

Report of the Geology and Natural Resources of the Area Included by the 
Nipissingand Temiscaming Map Sheets. With maps. A. E, Barlow, Geolo- 
gical Survey of Canada^ vol. x., N. S., Pt. I., 1897. 303 pp 

Geology of the Nipissing-Algoma Line. Ed. M. Burwash, Sivth Report^ Ontario 
Bureau of Ifines, 1896, pp. 167 to 184. 

Report of Survey and Exploration of Northern Ontario. R. Parsons, reports on 
geology of area explored by party No. 3- Crown Lands Department, Ontario, 
1900. 

Iron Ores of Nipissing District Willet G. Miller, Tenth Report^ Ontario Bureau 
of Mines, 1901, pp. 160 to 180. 

Lake Temiscaming to the Height of Land. Willet G. Miller, Eleventh Report, 
Ontario Bureau of Mines, 1902, pp. 214 to 230. 

Moose Mountain Iron Range. C. K. Leith, Twelfth Report, Ontario Bureau of 
Mines, 1903, pp. 318 to 321. 

Cobalt-Nickel Arsenides and Silver in Ontario. 'Willet G. Miller, Canadian 
Mining Review, vol. xxii., No. 12, pp. 245 to 249, Dec. 31, 1903. Engineer- 
ing and Mimng Journal, vol. Ixxvi., No. 24, pp. 888 to 889, Dec. 10, 1903. 
The Temagami District. A. E. Barlow, Summary Report of the Geological Swrvey 
Department of Canada, 1903, pp. 120 to 133. 

Cobalt-Nickel Arsenides and Silver Deposits of Temiskaming. W. G. Miller, 
Fourteenth Report, Ontario Bureau of Mines, Pt. II., 1905, 66 pp., with map. 
The Geology of a District from Lake Temiskaming Northward. W. A. Parks, 
Summaiy Report of the Geological Survey Department of Canada, 1904, pp. 198 
to 225. 

A New Mineral Area in Ontario. J. E. Hardman, Canadian Mining Revie/w, vol- 
xxiv., No. 5, pp 9o to 9S, May, 1905. 

On Surveys between Rabbit and Temagami Lakes. G. A. Young, Summary Re- 
port of the Geological Survey Department of Canada, 1904, pp. 196 to 198. 

Boston Township Iron Range. W. G. Miller, Fourteenth Report, Ontario Bureau 
of Mines, Pt, L, 1905, pp. 261 to 268. 
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Cobalt Mining District. Dr. Eobert Bell, Summary Report of the Geological Survey 
Department of Canada^ 1905, pp. 94 to 104. 

Region between Lake Temagami and Spanish River. W. J. Wilson, Summary 
Report of the Geological Survey Department of Canada, 1 905, pp. 82 to 84. 

The Ore Deposits of the Cobalt District. C, R. Van Hise, Journal of the Canadian 
Mining Institute, vol. x., pp. 45 to 61, 1907. 

A Microscopic Examination of the Cobalt Nickel Arsenides and Silver Deposits of 
Temiscaming. A. Campbell and C. W. Knight, Economic Geology, vol. i., 
No. 8, pp. 767 to 776, 1906. 

A Mineralized Area in the Townships of Casey and Harris. R. E. Hore, Sixteenth 
Report, Ontano Bureau of Mines, 1907, Pt. II., pp. 131 to 134. With map. 

A Part of the Area South of Lake Wendigo. With map. E. E. Hore, Sixteenth 
Report, Ontario Bureau of Mines, 1907, Pt. II., pp. 135 to 137. 

The Area West of Bay Lake on the Montreal River. With map. J. S. DeLury, 
Sixteenth Report, Ontario Bureau of Mines, 1907, Pt. II., pp. 138 to 146. 

The Larder Lake District. With map. R. W. Brock, Sixteenth Report, Ontario 
Bureau of Mines, 1907, Pt. L, pp. 202 to 218. 

Report on Part of Montreal River and Temagami Forest Reserve. Cyril W. 
Knight, Sixteenth Report, Ontario Bureau of Mines, 1907, Pt. II., pp. 117 
to 128. 

The Cobalt-Nickel Arsenides and Silver Deposits of Temiskaming. With maps. 
Willet G. Miller, Sixteenth Report, Ontario Bureau of Mines, 1907, Pt. II., pp. 
1 to 116. 

The Lower Huronian Ice Age. A. P. Coleman, Journal of Geology, vol. xvi.. No. 
2, pp. 149 to 158, Feb. -Mar., 1908. 

The South Lorrain Silver Area. A. G. Burrows, Eighteenth Report, Ontario 
Bureau of Mines, 1909, Pt. 11., pp. 21 to 31. 

The Gowganda and Miller Lakes Silver Area. A. G. Burrows, Eighteenth Report, 
Ontario Bureau of Mines, 1909, Pt. II., pp. 1 to 20. 

Preliminary Report on Gowganda Mining Division. W. H. Collins, Geological 
Survey of Canada, 1909, 47 pp. 

The Origin of the Silver of James Township. A. E. Barlow, Journal of the 
Canadian Mining Institute, vol. xi., pp, 256 to 273, 1908. 

Quartz Diabases of Nipissing District. W. H. Collins, Economic Geology ^ vol. v.. 
No. 6, pp. 538 to 560, Sept., 1910. 

Diabase and Granophyre of the Gowganda Lake District. N. L. Bowen, Journal 
of Geology, vol. xviii.. No. 7, pp. 658 to 674, Oct.-Nov., 1910. 

Geology of a Portion of Fabre Township. R. Harvie, Mines Branch, Department 
of Mines, Quebec, 1911. 

MAPS. 

The Ontario Bureau of Mines has published a number of geological maps cover- 
ing portions of the Cobalt district. These maps, prepared by Dr. W. G. Miller, 
C. W. Knight, A. G. Burrows, and others, may be obtained, together with reports 
on the areas covered, by application to Thomas W. Gibson, Deputy Minister of 
Mines, Toronto. 

The Canadian Geological Survey also has published maps prepared by Dr. 
A. E. Barlow, W. H. Collins, and others, which may be obtained by application 
to R. W. Brock, Director of the Geological Survey, Ottawa. 

The Department of Lands, Forests, and Mines, Toronto, has published numer- 
ous maps of the Cobalt district and other parts of northern Ontario, which are 
distributed free to applicants. 
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I. Introductory. 

In the dry regions of the globe many silver-deposits display 
certain remarkable features, which at the same time are so to- 
tally unlike anything met with among ore-bodies elsewhere 
that they have long presented exceptional dij0B.cu]ties, not only to 
a satisfactory explanation of their origin, but to economical mill- 
ing. A most striking peculiarity of these ores is the haloid char- 
acter of many of their bonanzas. To this fact more than to any 
other may be ascribed most of the unusual uncertainties of 
mining-operations in desert countries — the marvelous local rich- 
ness of the ores under certain conditions and the often abrupt 
transition to utter poverty ; the inadequacy of ordinary pros- 
pecting customs and the constant devising of new exploratory 
methods; the unaccountable losses in smelting and the con- 
tinual change in treatment-practice. For these anomalies cer- 
tain climatic conditions seem to be chiefly responsible. 
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In desert regions, and in those cases in which vadose ore- 
hodies obviously have no direct association with true fissure- 
veins, the metallic content appears to occur mainly in the inter- 
stitial clays of conglomerate layers, brecciated and sheared 
belts, joint- and fracture-crevices, and fault-planes. Probably 
four-fifths of the mining-prospects are founded on such condi- 
tions, and many paying mines are opened upon such indica- 
tions, which not unfrequently have led to bonanzas. It is, 
however, the great bodies of disseminated ore that will com- 
mand hereafter the greatest attention. When permanent 
water-level is reached, the values shown in such outcrops usu- 
ally soon disappear, or else the mineralogic character of the ore 
abruptly changes, necessitating more or less complete alteration 
or even complete replacement of both mining-method and 
mill-treatment. 

For example, it has long been the custom, in treating gold- 
ores of this class, to crush all of the vein-rock,^’ and then 
separate the values. That the values actually are located in 
the interstitial clays is shown not only by careful panning, 
chemical analysis, or microscopical examination, but by the 
results of the dry separators, especially the recently-invented 
Quenner pattern,^ the construction of which is based upon 
the trommel-screen, and which has been so successfully worked 
on the cement-conglomerates of the Altar gold-mining district 
near El Tiro, in Sonora, Mexico. 

I do not know of any attempt to explain in detail the features 
of these deposits. Miners regard the full width of the metal- 
bearing belt as the vein.” Sometimes, as in the cases of 
distinct recognizable fault-planes, the clay selvage is shown to 
be the streak richest in values, Tn the descriptions of mines 
there occasionally appears a hint that this phenomenon has 
incidentally attracted notice. My personal opinion is that the 
principle involved in the localization of values in the clay- 
seams has a definite rSle and a wide field in ore-genesis gen- 
erally ; and that, in dry regions at least, the localization of the 
values is due partly to the prevalency of chloride compounds 
and partly to the easy reduction of such compounds in contact 
with the alkaline silicates composing the clay gouges. 


^ Engineering and Mining Journal^ vol. Ixxxix., No. 17, p. 858 (Apr. 23, 1910). 
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In many cases, in which, the values are high and the clay 
bodies are sufficiently large to form the principal ore-mass 
extracted, the smelter-returns prove disappointing. Careful 
chemical analysis gives results higher in the precious metals 
than the ordinary assay-figures. In the instances mentioned 
elsewhere, discrepancies of this kind finally led to an examinar 
tion of the assay-methods in vogue, the results of which clearly 
indicate that these methods are often faulty when high-grade 
ores are involved. 

n. G-ossan-Zonb in Dby Climates. 

1. Peculiarities of Arid Grossans . — Under conditions of aridity, 
gossan-formation and rock-decay present many novel contrasts 
to the phenomena of this class displayed in normal moist dis- 
tricts. Particularly striking are: the great depths to which 
the gossan-zone extends; its apparently inexplicable irregu- 
larity in thickness; the richness of the superficial ores, or their 
aggregation in bonanzas, which adds excitement to their explo- 
ration; and the varying and unusual mineralogic character of 
the ores, 's^hieh complicates their metallurgic treatment. There 
are many other interesting features of minor importance. 

The formation of gossan, being merely a special phase of 
general rock-decay, is directly and profoundly influenced by 
climate. As EusselP long ago pointed out, rock-decay in gen- 
eral appears to be the direct result of normal climatic condi- 
tions; in cold or arid regions the rocks are scarcely at all 
decayed. This climatic control of general erosion has a special 
efl[ect upon gossans. One noteworthy feature is that while in a 
moist climate rock-decay almost everywhere goes on faster than 
the decomposed materials are removed, under conditions of 
aridity the reverse is true. In the latter ease, the breaking- 
down of rock-masses is mechanical rather than chemical, 
through a process technically termed insolation, and, as I have 
elsewhere shown,® the finer rock-waste is at once carried oS. by 
the winds almost as fast as it is formed. 

Paradoxical as it may seem, arid regions exhibit a practical 
absence of general rock-decay, but gossans of exceptionally 
great depth. Mineral veins, fault-planes, and sheared belts 


* Bulletin of the Geological Society of A'lmricaj vol. L, p. 134 (1889). 

® Bulletm of the Geological Society of Am&ma, vol. xix., p. 63 (1907). 
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appear to be the only lines along which chemical decay of the 
rocks of desert tracts is in the least appreciable. 

"Wind-scour, or deflative action, much more than water- 
action, tends to leave the heavy minerals behind. A soil 
especially rich in ore-materials results. To this are added the 
constant contributions from space.^ Metallic minerals, instead 
of being converted at once into soluble form and carried away 
by surface-waters, must find their way largely into gossans. In 
solution, they then percolate into the pores, crevices, and other 
cavities in the country-rock, often enabling the latter to be 
profitably worked as ore. The gold-veinlets of the Ortiz lac- 
colith, in central N'ew Mexico, as described by Yung and 
McCafifery,® are not exceptional examples. I have also recently 
ventured to suggest® some of the reasons for the so-called 
porphyry-coppers being necessarily so characteristic of arid 
regions. This phenomenon is actually one of wide extent. 

2. Remarkable Depth of Desert Vadose Zone , — As previously 
stated, in excessively dry climates the gossan-formation often 
presents side by side its two extreme facies. It is no uncom- 
mon occurrence that unaltered sulphides are exposed to the 
sky, while the superficial alteration of near-by ore-veins has 
proceeded to depths sometimes exceeding 1,000 ft. In the 
majority of cases, the depth of the gossan is to be measured by 
hundreds of feet. Upon a radical revision of the usual inter- 
pretation of these conditions seems to rest the chief hope of the 
thousands upon thousands of shallow mining-prospects scat- 
tered throughout the arid regions, from British Columbia to 
Patagonia, and the explanation of the bonanza-deposits so 
famous, for instance, in Mexico and Peru, where, until recently, 
on account of the difficulties encountered in handling the water 
of the deeper mines, it has been impossible to extract ores from 
depths much below the ground-water level. 

Whether the sulphide zone lies 200 or 800 ft. beneath the 
surface, as in many parts of Montana and [Nevada, or 500 or 
600 ft., as in many places in New Mexico and Arizona, or 1,000 
ft., as in central Old Mexico, or 1,500 ft., as in Chile, it is 


* Trans., xli., 153 (1911). 

® Trans., xxxiii, 358 (1903). 

® Bulletin of the Mining a/nd Metallurgical Society of America, Tol. ii., No. 25, p. 
316 (July, 1910). 
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possible to recognize instructive relationships between the 
depth to which ore-veins and shattered belts undergo alteration 
and the general surface of the country-rock affected by chemi- 
cal decay. 

It seems probable that in desert regions, or wherever the 
annual rainfall is less than 10 in., relatively little meteoric 
water penetrates to the depths, except through the larger fault- 
planes and sheared belts. That old mineral veins, through 
which there is no longer flowage of surface-waters, apparently 
do not decay faster than the surrounding country rock, is a 
frequent observation, explaining the unexpected occurrence 
at the surface of sulphide ores with no signs of alteration. 
For example, veins of galena in the Sierra de los Caballos, 
on the Rio Grande, display mineral as fresh at the surface as it 
is 1,000 ft. below, at ground-water level. The same is true of the 
Oro Blanco district in southern Arizona, and the Spring Moun- 
tain in central IsTevada; and these are by no means isolated 
instances. Zinc, copper, and silver sulphides exhibit the same 
phenomenon. 

On the other hand, the influence of recent faulting upon the 
extent of gossan-formation is well shown in those veins which 
are located along lines of differential movement, and where it 
is perhaps still in progress. Even more strikingly is the phe- 
nomenon displayed in those cases in which an old vein is 
crossed obliquely by recent fault-planes. "When sufficiently 
far apart, such lines of displacement give rise to the apparent 
anomaly of two or more rich gossan-zones one above another, 
and separated by considerable zones of unaltered sulphide vein- 
stuff. Through difierential movement in a vein, or even in the 
inclosing rock-mass, the gouge or selvage produced appears to 
have a prime influence in the localization of ore-materials, or 
the enrichment of the vein already present. Such enrichment 
is entirely within the zone of gossan-products. 

3. Bonanza Ore-Blanket of Arid Regions . — In the normal fls- 
sure-vein three distinct ore-zones are usually recognizable: 
(1) a relatively thin zone of oxidized ores of the gossan at the 
top ; (2) a sulphide-enrichment zone, commonly only a few feet 
in thickness, in the middle ; and (3) at the bottom a lean un- 
altered sulphide-zone extending to indeterminable depth. In 
arid regions the first and second zones are greatly expanded ; 
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so that several other subordinate zones are easily distinguish- 
able. Fuchs and DeLaunay/ for example, note no less than six 
well-defined zones in the Mexican silver-regions. Under the 
conditions of a moist climate, the gossan is so limited in depth 
that these several ore- zones are commingled ; even the bonanza- 
zone at ground-water level is often barely distinguishable. 

Viewed broadly, it seems likely that the vadose zone will have 
to be regarded much in the same way as we now regard the 
regolith — a bonanza zone being everywhere present at the 
bottom, in some places well developed, but in others only fee- 
bly indicated by ore-materials. The zone of secondary sulphide 
enrichment thus appears as a universal and not merely a local 
phenomenon. 

According to the prevalent notion of ore-formation, the sec- 
ondary enrichments of mineral veins so often found at perma- 
nent watex’-level are regarded as dependent for their metallic 
materials mainly upon leaching from the upper weathered 
portions of the vein itself. This is, however, merely a special 
phase of a more general process. The metallic leachings may 
come, not from the superior part of the vein at all, but from 
veins, veinlets, and the country-rock itself, for a considerable 
distance around. Nor need the leachings come directly down 
the course of the vein ; they may travel obliquely along fault- 
planes or joint-planes ; they may be transported laterally along 
stratification-planes or porous layers; or, without any direct 
connection with other ore-bodies, they may percolate along 
shearing-planes and through shattered belts, or even be im- 
pounded by dikes and faults. Recent observations suggest the 
advisability of a complete reinvestigation of the formation and 
localization of ore-bonanzas. 

4. Variety of Dry Gossan-Ores , — Since in moist countries the 
gossan-zone is usually relatively thin, it is exceedingly difiBlcult, 
and at times even impossible, to observe its separation into 
distinct stages of ore-transformation. Only occasional glimpses 
are caught of the processes involved. Of the numerous and 
complex chemical reactions known to take place, merely the 
first and the last are noted. All of the intervening changes 
are inextricably intermingled, and at best can only be sur- 
mised. There is little intimation of systematic sequence. 

’ Traits des Giles MinSrmx et Mitallifh’eSj vol. ii., p, 816 (1893). 
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In arid lands the gossan-zone is so thick that the several 
successive stages of ore-alteration are readily made out. Un- 
usual minerals occur in such abundance as to form of themselves 
notable ore-bodies. At Magdalena, in Socorro county, U. M., 
such rare minerals as chalcophanite, aurichalcite, chalcanthite, 
and hydrozincite reach exceptional development,® and the 
zinc-replacement ores are even more remarkable.® The com- 
plexity of both the oxidation-products and other ore-materials 
is indicated in many ways. Its broader features are recognized 
by the Spanish- American miners in their zonal arrangement 
of colorados^ mulatoSy and negrillos ores. 

The more scientific attempt at zonal difierentiation by Fuchs 
and DeLaunay^® has been already referred to. These authors 
find the following mineralogic succession in the Mexican silver- 
mines, the subdivisions being referable to the three main zones 
above recognized : 

1. Native silver, in iron oxide and manganese oxide ; moderately rich. 

2. Chloride, bromide, and iodide of silver, with some native silver, and 
iron and manganese oxides j moderately rich. 

3. Silver sulphide, with some black antimony sulphide ore ; very rich. 

4. Black silver-antimony sulphide (pyrargyrite, and proustite). 

5. Gray copper, blende, etc. 

6. Blende, pyrite, quartz, in mixture. 

Theoretically, the chaages taking place during the oxidation 
of metallic sulphides should be controlled largely by the chemi- 
cal affinities of the bases for oxygen. Moreover, the minerals 
formed at any particular stage should be dependent not only 
on the nature of the bases originally present, hut on the char- 
acter and number of bases subsequently introduced. 

Primary ores which are complex aggregates of the sulphides 
of iron, copper, lead, zinc, and silver, and which so abound 
throughout arid America, owe their great variety of gossan- 
ores to climate. Under climatic conditions so abnormal, the 
metallic salts in solution are in a relatively high state of con- 
centration, and the oxidation of primary ores does not take 
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the usual course. In moist climates the decomposition of me- 
tallic sulphides ordinarily results in the formation of sulphates, 
which are then rapidly changed into more stable oxides and 
carbonates, while chloridic compounds do not appear to play 
an important part. Thus, in the same mass of complex pri- 
mary ore, subject to the same vadose waters, the alteration- 
products remaining may be hydrous iron sesquioxide, basic 
copper carbonate, lead sulphate, zinc silicate, and silver chloride. 
But under very dry conditions, copper sulphate, ordinarily too 
soluble to assume the crystal state, becomes an ore ; zinc car- 
bonate is dominant, and silver chloride is often a principal ore. 
Iron chloride and copper chloride may also be found with the 
silver chloride, but the former is still so easily soluble that it is 
soon removed by the scanty circulating waters, while the latter 
often assumes solid form in the mineral atacamite. 

III. Prevalency of Chloridic Orbs in Arid Regions. 

1. Distinctive Stages of Haloid Ore-Formation . — One of the 
most remarkable features concerning the gossans of excessively 
dry regions is the abundance of certain chloridic ores, of which 
horn-silver is perhaps the most familiar. Other minerals of 
the same class actually occur more frequently than is generally 
supposed ; but there are many good reasons for their not being 
so well known. In the main, metallic compounds of the chlo- 
ride group are more or less easily soluble. Under ordinary 
moist-climate conditions, they hardly occur at all as gossan- 
ores, but representing a relatively transitory stage, soon pass 
into some other more permanent state. Only in the desert 
country do they constitute definite ore-materials. There, how- 
ever, they furnish the key to the solution of many of the great 
general problems of ore-deposition. 

Recent observations on the origin of the horn-silvers in dry 
regions throw light also upon the formation of the less familiar 
ores of the same class. The abundance of cerargyritic ores 
in certain regions is now regarded as due mainly to unusual 
climatic influences.^^ The great commercial importance of 
these haloid silver-ores, so strongly emphasized in the history 
of mining, is not wholly explained by the fact that horn-silver 
is merely one of the less soluble of the chloridic compounds. 


Trans., xxsix,, 166 (1909). 
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It is also one of the most characteristic ores of arid districts. 
That it should be so prevalent in desert regions is not so strange 
after all, since chloridic material, in the form of common salt, 
is everywhere furnished by the wind-blown dusts oft* the salt- 
fiats and from the saline soils of the intermontane plains. In 
quantity for a given area, the saline matter thus furnished 
through ssolic means very greatly exceeds that which is supplied, 
under normal conditions, through the decomposition of the 
rocks. Saline dusts deposited on the surface are acted upon 
by the first rain ; and large amounts of salt are thus carried 
down to mingle with the underground waters. This introduc- 
tion into the gossan produces conditions exceptionally favora- 
ble to the formation of haloid compounds of the metals. There 
is nothing at all comparable to this agency in moist countries. 

2. Occurrence of Chloridic Ores . — Of all the haloids of the 
metals found in nature, chlorides alone are familiar to us as 
ores. Yet, notwithstanding their importance, the manner of 
origin of the silver chlorides has remained one of the very last 
problems to be understood. As recently noted,^^ none of the 
older explanations adequately account for the great abundance 
of this class of ores throughout the arid regions, and for their 
conspicuous absence elsewhere. All things considered, the 
most satisfactory hypothesis is that the chlorine required for 
their formation has been amply supplied from the saline soils 
which are constantly blown about in large quantity in all 
desert tracts. 

In considering the formation of the horn-silvers, it seems 
wholly unnecessary to rely upon the supposed action of sea- 
water upon vein-outcrops, as urged by Mosta^* for certain 
Chilean ores, or by Henwood^ for the veins of the Little 
Shack mines on Manche, off the coast of Normandy ; or the 
direct action of sea-water upon such materials as the slag-heaps 
of Laurium, in Greece, as suggested by Brauns; or the action 
of saline lake-waters, as proposed by Ochsenius,^^ or the similar 

Economy Geology, vol. ii., No 8, p. 778 (Dec., 1907). 

Trans,, xxxix., 163 (1909). 

Yorkcfmm&h der Ohlor~, und Jod^Verhmdungen des SUbers (1870). 

Metalliferous Deposits, vol. i., p. 530. 

Chemische Mineralogie, p. 367 (1896). 

Die Bildung&n der Natromalpeters am Mutterlaugenscdsen, p. 61 (Stuttgart 
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theory of Sandberger for the Peruvian deposits of the Cerro 
de Huantajaya; or that of Penrose for certain deposits of the 
arid parts of the United States. 

Little as the other metallic, chlorides have been regarded in 
mining-operations, their frequency and abundance are often 
somewhat surprising. In the friable gossan-ores of Lake 
Valley, IsT. M., blackened by iron and manganese, the chloro- 
bromide of silver is almost as plentiful as horn-silver.^'^ At the 
Torrance mine, near Socorro, there are associated with the 
gray cerargyritic ore the grayish-green chloro-bromide of sil- 
ver (embolite) and the pale yellow iodide of silver (iodyrite). 
The relatively large amounts of the bromide and iodide com- 
pounds in such occurrences may be sometimes due, as Kos- 
mann has suggested, to their greater insolubility as compared 
with the chlorides ; but under dry-climate conditions this does 
not seem to obtain. 

Since the saline dusts in desert regions appear to be so in- 
timately associated with the formation of haloid silver com- 
pounds, it might be fancied that they would be also highly 
influential in the chemical transformations of the chemieally- 
kindred metals, gold and copper. Exact investigation in this 
direction is a wholly new field. As yet, little has been done 
to even suggest the lines of most fruitful inquiry. The unusual 
prevalency of gold in arid gossans would indicate that the 
conditions must be quite as favorable for the precipitation of 
this metal as for silver, and that saline dusts play an important 
r81e as an immediate source of the chlorine. 

, In spite of the fact that the copper chloride is seldom listed 
among ore-minerals, it is somewhat common in arid districts. 
In moist climates it is, of course, almost unknown except in 
solution in some mine-waters. It doubtless performs a far more 
important function in ore-genesis than is generally conceived. 
In this role it appears to be second only to the sulphate. For 
several reasons, it is apt to escape notice. Cupric chloride, 
OuOlj, is quite soluble in water, and only in very dry places 
appears at all as a crystallized mineral. Cuprous chloride, 

Nmes Jahrbuch fur Minercdogie^ Qeologie^ und Fcdaeontologie, p. 174 (1874). 

JourmL of Geology^ vol, ii., No. 3, p. 314 (Apr. -May, 1894). 
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Leopoldina, vol. xxx., p. 1 (1894). 



510 


BONANZA SILVER-ORES OF THE ARID REGION. 


OugOlj, although rather insoluble, is, on account of its white 
or gray color and earthy texture, not easily detected among 
clays and other gossan-matter. 

Atacamite, the copper oxychloride, Cu201(OH)3, is also widely 
distributed in arid regions ; but, on account of its green colora- 
tion, is generally mistaken for malachite. It frequently con- 
stitutes a considerable proportion of the green gossan-ores. In 
Chile and Peru this mineral, according to Murdoch,^ forms 
important ore-bodies. Rickard^ reports it as occurring through- 
out the southwestern United States. Long ago, Pield®^ and 
Priedel “ produced this mineral artificially by methods not very 
unlike those of nature. 

That atacamite is not by any means an uncommon mineral 
is shown by the circumstance that other copper-minerals are 
found as pseudomorphs of it. Barwald ^ has even reported 
pseudomorphs of the silicate of copper, ehrysocolla, after ata- 
camite, and Tschermak^^ has described malachite derived from 
atacamite. These citations are sufficient to draw attention to 
the point that in excessively dry regions the chloridic com- 
pounds of copper, in all likelihood, perform a function not 
unlike that of the similar silver salt, and that the chloridic 
materials in desert-dusts are ample to serve the purpose of sup- 
plying the necessary chlorine. 

The far-reaching influence of the chlorides of the metals in 
ore-formation has been overlooked, mainly because of a general 
proneness at the present time to ascribe to the easily-soluble 
sulphate combinations the chief importance in the transitory 
stages, and partly because the chemistry of ores has been largely 
investigated under conditions of moist climate, where the me- 
tallic chlorides are seldom encountered. 

In the process of ore-formation during the cooling of magmas, 
it appears, as indicated by Olarke,^ that chlorides perform 

“ fn-aTmfstiim of the InsHtvdon of Mining a/nd Metallurgy, vol. ix., p. 300 (1900- 
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definite functions. "When, as temporary carriers of the metals, 
their work is done, they enter into other combinations. In the 
vadose reactions, especially under arid climatic conditions, 
metallic chlorides seem to serve an analogous function, and in 
this respect to take largely the place of the sulphates. 

Another reason for the relatively small attention given to 
the metallic chlorides is, doubtless, the fact that it has been 
hard to imagine exactly how, from common salt, chlorine 
could be readily liberated, so as to react upon most of the 
metal-bearing minerals, particularly those containing gold and 
copper. This phase of the problem has been partly solved 
experimentally by Don,^® who has shown that, in the presence 
of manganese oxide, chlorine is readily set free from hydro- 
chloric acid, the latter being formed through the decomposi- 
tion of pyrite. The far-reaching significance of this explana- 
tion applies particularly to arid regions, where manganese is 
unusually abundant. The blackened and burnt aspect of desert 
rocks, so well described by Wallace,^® is ascribable largely to 
a superficial deposit of iron and manganese. Blake,®^ in par- 
ticular, notes this phenomenon in Arizona and California. 
The black, earthy, and often pulverulent, gossan of many arid 
ore-deposits is commonly impure manganese oxide. In the 
horn-silver deposits of Lake Valley, H. M., the real char- 
acter of the ore is disguised by this black material. The 
same associations are frequently met with throughout the dry 
regions. In connection with the gold-veins of Colorado, Rick- 
ard®® also refers to the significance of the presence of earthy 
psilomelane in considerable amount. In arid regions, at least, 
this mineral doubtless plays a hitherto unexpected, yet leading, 
part in the formation of vadose ores generally. 

3. Peculiarities of Haloid Ores . — Some of the most striking 
features of the horn-silvers, as displayed under climatic condi- 
tions of aridity, I have recently described at length.^^ The 
reactions of copper-salts under like conditions deserve more 
attention than has ever been given them or than can be devoted 
to them here. That the chlorides perform an important func- 
tion in the formation of the disseminated ores of copper cannot 

Trans. i xxvii., 599 (1897). ®® Zand of the Pueblos, p. 140 (1888). 

Trans., xxxv., 371 (1905). Trans., xxxix., 159 (1909). 
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now be well doubted. As was pointed out a short time ago,“ the 
disseminated-copper deposits appear to be strictly characteristic 
of arid regions; and the localization of ores of this class is 
thus singularly dependent upon climate. In many ways, 
the physical conditions presented by deserts are exceptionally 
favorable to the formation of extensive ore-blankets of dissemi- 
nated character. Copper-deposits, however, need not be con- 
sidered at length here. The relations of gold to chloride 
compounds are discussed in another place. 

One of the prime factors in the formation of the haloid de- 
posits seems to be the chloridic state of the ore-materials ; and 
another factor appears to be the reducing action of the silicates 
in interstitial or gouge-clays. To these features special atten- 
tion is here directed. 

Other points connected with the haloid ores which have been 
more fully discussed elsewhere,®* are : (1) that often they have 
no direct associations with either eruptive masses or distinct 
fissure-veins; (2) that the ore-bodies are more directly de- 
pendent upon geologic structures than is commonly the case; 
(S) that their deposition is frequently determined by pecu- 
liarities of the local surface-relief; (4) that the relatively high 
concentration of mine-waters of arid regions must profoundly 
affect the precipitation of their contents ; and (5) that the usual 
explanations of the origin of the haloid ores have but limited 
application in dry countries. 

IV. Oeigin oe Obbtain Q-ougb-Oebs. 

1. Formation of Gonge-Materials . — The kaolinization of feld- 
spathic rocks probably has a greater influence upon the locali- 
zation of ore-deposits than has been surmised hitherto. The 
presence of kaolin as a, priori evidence of downward sulphide- 
enrichment has been recently emphasized by Lindgren,®^ 
Emmons,®® and others. The recognition of this association is 
of far-reaching importance, and in its bearing upon vadose 
ore-genesis is of much greater significance than any of these 
authors have been inclined to ascribe to it. 

Bulletin of the Mining and Metallv/rgiccd Society of America^ vol. ii., No. 25, p. 
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Although, as commonly applied, the terms fluccan, selvage, 
and gouge, refer to the thin layer of unctuous clay which often 
lies between the vein-matter and the wall-rock, the clayey mate- 
rials found in joint-cracks and in brecciated belts bordering lines 
of dislocation are genetically the same ; so that the name gouge- 
material may be appropriately made to cover all of the clays 
thus associated. These clays are, of course, produced chiefly 
through the slow chemical decay of the separated rock-faces ; 
and, in the case of most eruptives at least, the process is mainly 
a kaolinization of the feldspars. 

In most regions, on account of the relatively thin gossan and 
the great abundance of partly-decomposed rock-debris scat- 
tered through it, kaolin gouge-materials and clay selvages in 
rock-crevices and fault-planes are inconspicuous, and rarely 
receive particular notice in mining-operations. In arid country, 
where the gossan-zone assumes great depth, and general rock- 
decay is almost unknown (except along fault- and joint-planes 
and in brecciated belts), the soft interstitial gouge-clays are note- 
worthy features, and almost invariably carry mineral values, 
thereby attracting the special attention of miners. In other 
respects also, this fact is significant. 

Along fault-planes, thick selvages are formed partly by 
rock-flour produced by the grinding movement of wall-faces, 
and partly by the introduction of kaolinized material from above. 
Whether in fault-plane, joint-crack, or brecciated belt, the clay 
selvage forms a plate, as it were, more or less impervious to 
ground-water. 

2. Values in Gouge-Bands , — Although gouge-clays have often 
been disregarded or discarded as worthless in mining-opera- 
tions, they may sometimes carry not only high values, but the 
only values in the “ ore mined. When closely associated 
with well-defined fissure- veins, the gouge-matter and its values 
are very apt to be neglected or overlooked. This is especially 
true when, as is not infrequently the case, the vein itself has 
undergone repeated movement parallel to its w^alls. 

In many brecciated belts in eruptive rock-masses the barren 
rock-fragments included in the so-called ^^ore-bodies’’ might 
well be separated from the interstitial clay, thereby concen- 
trating all of the values in the muds washed away into the 
settling-pools. Among the Oro Blanco deposits in southern 
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Arizona a brecciated ore-body was opened, the average gold- 
value of which, for its whole width of 20 ft., was about |8 per 
ton. When the values were carefully limited, 16 ft. of this 
width was found to carry less than $8 per ton, while the 
4 ft. next the selvage yielded |15, and the gouge, less than 
an inch in thickness, $180 per ton. Similar conditions obtain 
in the Ortiz mountains, in central IfTew Mexico, although there 
the country-rock, which is mainly monzonite, as indicated by 
the recent chemical analyses of Ogilvie,®^ itself assays about $1 
per ton in gold.'^^ 

Some of the so-called tallow-clays of the southwestern 
Missouri lead- and zinc-fields appear in a similar r61e. These 

clays,” in their present condition, are essentially aluminum 
and zinc silicates, carrying, according to Seamon,^^ often as 
much as 54.92 per cent, of zinc oxide. Attention was early 
called by Chauvenet^ to the zinciferous character of these 

tallow-clays,” which fill joint-planes and stratification-planes 
and sometimes broaden out into deposits several feet thick. 

The occurrence of copper in gouge-clays is more frequent 
than has been generally supposed. Black copper especially, as 
many assays have shown, is found in clays even when its pres- 
ence is least expected. In the same way, the clays of certain 
of the Ely, Nev., copper-deposits contain chalcopyrite. 

The silver-content of gouge-clays is so notorious that they 
are quite generally tested for this purpose. In arid districts, 
as at Kingston, Hermosa, Chloride, and elsewhere in the Mim- 
bres range along the continental divide in Kew Mexico, and 
in many of the silver-camps of Old Mexico, the gouge-clays 
carry very high values. Some of these instances are consid- 
ered in the assay-notes appended. Occurrences of this kind 
are so numerous, and the metallic constituents are so varied, 
as to suggest a closer genetic relationship between the clayey 
materials and their contained values than is involved in the 
mere percolation of meteoric waters down the cracks in the 
country-rock. 
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In this connection, two phenomena demand particular con- 
sideration. One is the dialytic action exhibited by soils and 
clays, and the other is the redaction by alkaline silicates of the 
metallic salts dissolved in ground-waters. Both of these chemi- 
cal activities may have special functions in ore-genesis, but the 
latter is believed to be the more potent, particularly under 
arid climatic conditions. 

3. Dialytic HSle of Selvages , — The accumulation of metallic salts 
in the thin layers of somewhat porous gouge-clays has been ex- 
plained on the basis of the phenomenon known as adsorption. 
Through such porous layers water rather freely passes; but 
many substances dissolved therein do not. This action is 
shown by a familiar experiment in the chemical laboratory. 

Separating by a porous layer of asbestos solutions of silver 
nitrate and aqueous hydrochloric acid, and allowing them 
slowly to commingle, Kuhlmann,^® was able long ago to produce 
a silver chloride having the appearance of horn-silver or cerar- 
gyrite. More recently, Clarke ^ has expressed the opinion that 
such a blending of solutions may also take place in nature through 
layers of decomposed rock substances, such as sandy clay or 
gossan. The familiar laboratory-phenomenon of the dialytic 
separation of solutions was also incidentally suggested in 1893 
by Becker,^® as probably explaining the genesis of certain of 
the quicksilver-deposits of California. More specific in their 
bearing upon ore-deposition are the extensive experiments of 
Kohler,^® who filtered various salt-solutions through kaolin. 
Briefly stated, the theory is that there is a selective concentra- 
tion, as it were, of the minerals in solution on the surface of 
the solid. More recent investigations do not fully support this 
suggestion. As shown by Eohland,^^ the filtration of solutions 
through clays presents very different results, according to 
whether the solute is a colloid or a crystalloid. In the first 
case the solute does not pass through ; in the second, it does. 

In an inquiry into this subject undertaken several years ago 
in the chemical laboratories of the Hew Mexico School of 
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MineSj I proceeded upon the hypothesis of adsorption. The 
clay materials used comprised natural gouges (some of which 
were already highly metalliferous), and also clays without 
notable metallic content. It was soon found that, in nearly all 
cases, marked chemical reactions took place, and that it was 
very doubtful whether actual adsorption entered into the prob- 
lem at all. At that time, the extensive experimentations of 
agricultural chemists along similar lines had not come to my 
notice. 

These results tend to negative the notion that dialysis 
directly promotes ore-deposition. But the conditions imposed 
in nature may be such as to modify this conclusion. Selvages 
may serve as local or temporary retardants of ground-water 
currents, thus producing impoundment, greatly favoring ore- 
deposition. This consideration is especially probable in exces- 
sively dry regions, where the metallic salts are held in much 
more concentrated solution than wdiere there is always an 
abundance of moisture in the vadose zone, and for this reason, 
many chemical reactions, unknown elsewhere, may take place. 

4. Accumulation of Metallic Salts in Gouge-Clays , — The inter- 
change of chemical elements during the process of general 
rock-alteration was early recognized by geologists. It is, how- 
ever, to the agricultural chemists that we owe the key to the 
explanation of the gouge-ores. Both the guiding principles 
and the immediate aims of their work apply strictly to the 
vadose conditions of ore-formation. When meteoric waters 
carrying metals in solution come in contact with decayed rock- 
faces, or with the kaolinic products of rock-decay, there is a 
notably selective retention of elements. 

More than half a century ago the English chemist Thomp- 
son^® found that ordinary waters, in passing through soils and 
clays, took from the latter some substances and left others. It 
was further pointed out by Way and Eichhorn that when 
salt-solutions were brought into contact with certain soils and 
kaolins there was an interchange of bases. Later, since Lem- 
berg went so exhaustively into the subject of this interchange 

Jourml of the Eoyal Agricultural Society^ England, vol. xi., p. 68 (1860). 
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of bases, and Dittrich and Van Bemmelen continued similar 
lines of investigation with so many interesting results, a number 
of agricultural chemists have devoted their attention to the 
same subject; so that, so far as soils and clays are concerned^ 
the basic principles involved are now well established. 

5. Precipitation of Ore-Materials by Silicate Minerals . — As dis- 
tinguished from the strict hypothesis of adsorption, the possi- 
bility of an extensive reduction of metallic salts in solution, 
when brought into contact with finely-divided silicates in clays, 
has much to support it. The investigations conducted along 
these lines at the New Mexico School of Mines have been 
already mentioned. Sullivan,®^ taking his cue from the agri- 
cultural chemists in their experiments with soils, has recently 
obtained some suggestive results concerning the interaction 
between powdered minerals and water solutions, with special 
reference to its bearing upon ore-formation. He used finely- 
divided kaolin, shale, feldspar, pyrites, and biotite, and a solu- 
tion of copper sulphate. His most noteworthy observation was 
the great extent to w^hich the powdered silicate-minerals re- 
moved the copper from solution- The reactions were demon- 
strated to be chiefly an exchange of bases ; copper being pre- 
cipitated, and an equivalent quantity of other bases (mainly the 
alkalies and alkaline earths) entering the solution. In a later 
statement the same author observes that the fact of prime 
significance geologically seems to be that, by a process of sim- 
ple chemical exchange, the metal may be removed from solu- 
tion and fixed in the solid state, and thus concentrated, by con- 
tact with even the most stable of the silicates. The bases most 
commonly replacing the metals in these processes are potas- 
sium, sodium, magnesium, and calcium. 


Mittheilungen d. Or. Baduch geoL Landesanstaltj vol. iv., p. 339 (1903), 
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Assay of Silver-Bearing Gouge-Ores. 

BY CHARLES R. KEYES, DES MOINES, IOWA, AND I>. F. RIDDELL, 
PARRAL, MEXICO. 

(Wilkes-Barre Meeting, June, 1911.) 

L Introduction. 

Foe a period of several years, and in a large number of cases, 
the Metallurgical Laboratories of the Few Mexico School of 
Mines were employed in umpire work. During this time 
many important local problems were solved. Against the 
results of careful chemical analyses of ores, assay-returns were 
often checked. In many cases the assay-methods of mine and 
custom-smelter were compared, and both often found faulty for 
the ore concerned. A wide range of ores was covered. Many 
of the chemical analyses and assays were made by Dr. F. 0. 
Lincoln, Professor of Metallurgy, now of the Montana State 
School of Mines. A varied series of instructive assays was 
prepared by Prof. E. B. Brinsmade, now of the West Virginia 
State University. Single assays and given series of tests were 
undertaken by H. T. Goodjohn, now chief chemist to the 
Oia. Metalurgica de Torreon, Ooahuila, Mexico ; by H. J. Hub- 
bard, now superintendent of the Butters Divisadero Mines, 
Jocoro, San Salvador, 0. A. ; by E. D. Morton, now superin- 
tendent of the Arizona & Fevada Copper Mining Co., at 
Lunning, Fev.; and by A. W. Bdelen, now superintendent of 
the Angangueo Unit of the American Smelting & Refining Co., 
in Michoaean, Mexico. A critical comparison of assay-methods 
that were found to be followed in the case of certain gouge- 
ores mined in the Mimbres range in Few Mexico, and about 
which there had been much controversy, was made by D. F. 
Riddell, then Acting Professor of Assaying, and now superin- 
tendent of the Providentia Mines Co. of Parral, in Chihuahua, 
Mexico. To him is due the credit of much that is contained 
in the following notes, which he has generously permitted to 
be used in advance of the publication of the complete results. 
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The Mimbres ore is representative of a large number of some- 
what complex ores, high in silver, from the dry region of the 
southwestern United States and northern Mexico. Among other 
uncertainties connected with many of these ores, assay-determi- 
nations checked poorly; the values in precious metals, as 
returned by the smelters, were frequently too low, and on 
account of their variant character, even in the case of the same 
ore, the assay-results were very unsatisfactory. 

Among smelters generally, the prevailing opinion is that in 
a slag which is either extremely acidic or extremely basic in 
character there is a greater or less loss in silver-values. Some 
assayers have the same notion. Among them also there is the 
belief that the use of borax in assaying causes low results for 
the silver-content. On the other hand, the majority of assayers 
appear to regard the use of borax as removing at once all of the 
difficulties which in any way arise from imperfect fluxing in the 
crucible. From experience, the inclination is to regard many 
charges, and slags, which by the assayer are ordinarily called 
good, especially when they contain much borax, 1 e., 0.5 A-T., 
or more, as not, in case of moderately high-grade ores, checking 
well with one another. The usual methods of assay of ores 
running high in copper and sulphur are also very unsatisfac- 
tory. 

The series of determinations, of which the single silver-ore 
here considered in detail is a type, had for its immediate 
objects the experimental proving of the effects upon the silver- 
yield of an excess of each of the fluxes ordinarily used in the 
crucible of the assay-laboratory, and of showing exactly what 
type of charge gives the best results on an ore which is high in 
copper and sulphur, and which at the same time is a typical 
roasting-ore. 

In the ore under consideration the silver-content was already 
known to be high. By experimentation it was determined, (1), 
how acidic a charge could be run; (2), how basic a charge 
could be run ; (8), how large an amount of borax could be used 
in a charge ; (4), how the normal charge for the kind of ore 
would behave ; and (5), how the use of an excess of litharge 
would aflfect the results. 

This ore was much more difficult to handle than many of 
those found in the region. The large excess of niter, KUOj, 
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which it was necessary to use was checked against the dead- 
roasted ore. In each series the attempt was made to get five 
results that would cheek within 1 in 100 ; and to take the 
mean of these best checks as the normal for the charge used, 
A concentration-test was made on the ore, and the reducing- 
power and value of the concentrates determined in order to find 
whether or not the value, the sulphur, the weight of the ore, 
and the weight of the concentrates, had any definite rela- 
tions to one another. It is to be noted that whenever the 
w’ord “borax” is mentioned, the variety known as “borax 
glass ” is referred to, and all crucibles received a cover of 
10 g, of borax before fusion; that all buttons of the same 
ore were worked as nearly as possible under the same condi- 
tions, and all were scorified with the same weight of test-lead ; 
and that all buttons were cupelled so as to obtain “ feathers.” 

II. Preparation op Samples, and Ohbmioal Analyses. 

In preparing the ore 32 lb, was pulped and put through a 
lOO-mesh sieve, and then mixed by rolling on oil-cloth and 
sifting through a coarse sieve. The separated scales gave a 
bead of 83.4 mg, of silver and a trace of gold. In all of the 
assays this ore gave only a trace of gold. By panning 100 g. 
of ore, 44.9 g. of concentrates, mainly sulphides, were obtained. 

A part chemical analysis of the ore-sample ready for slag- 
ging gave : 



Per Cent, 

Iron, . 

8.7 

Lead, 

tr. 

Copper, 

25.6 

Ziac, . 

6.2 

Manganese, 

1.0 

Lime, 

15.0 

Sulphur, . 

10.0 


III. Rbduoing-Power oe the Orb. 

In determining the reducing-power of the ore, the charge, 
with borax cover, was as follows : Ore, 2.00 g. ; PbO, 1 A-T. ; 
bTaHCOj, 0.75 A-T, The lead-button obtained weighed 
7.105 g., the reducing-power of which was 3.6, the oxidizing- 
power of the niter being 3; therefore [(7.105 2) 14.5] — 

15.0 -f- 3.0 = 12.0 g. of niter per charge. This charge of 

niter, 22703, is excessive, but there appears to be no other way 
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of handling this ore easily. If properly run, the excess of 
niter is not so deleterious in its effects as those of roasting, 
which is the only other practical method. 

IV. Assay of Dead-Roasted Orb. 

In the case of the dead-roasted ore the charge, with borax 
cover, was : Ore, 0.5 ; PbO, 1.5; HaHOOj, 0.76 ; SiO„ 0.2 A-T. ; 
and argols 2 g. There was secured a good slag which poured 
cleanly. The buttons were hard and coppery; these were 
scorified with 20 g. of test-lead. The cupels displayed a cop- 
pery tint. The first bead weighed 103.06 mg. ; the second 
bead, 103.90 mg.; the mean being 103.43 nig. of silver. Com- 
paring this with the values obtained later, it shows that a 
dead roast is not so reliable as some other methods ; besides, 
it involves much more labor. 

Y. Dead-Roasted Concentrates. 

The reducing-power of the concentrates was 5.2, showing 
that the sulphur concentrated nearly as fast as the ore. 

With the dead-roasted concentrates the charge, with borax 
cover, was: Ore, 0.5; PbO, 1.5; HaHOO^, 0.75; SiO,, 0.2 A-T.; 
and argols, 2 g. The slag was good and the pour clean. 
Buttons hard, clean, and copper-colored ; these were scorified 
with 40 g. of test-lead. The cupels showed copper-stain. The 
silver bead weighed 114.76 mg. These results indicate that 
the concentration of the values is not in proportion to the con- 
centration of the bulk or of the sulphur ; hence the ore is not 
a good concentrating-ore. 

VI, Acidic Slags. 

The charge for obtaining the most acidic slag, using a borax 
cover, was: Ore, 0.5; PbO, 1; N^aHOOj, 0.75; SiO^, 0.40 
A-T.; and KNOj, 12 g. By experiment, this is the most acid 
flux that it is possible to run on this ore. The charge required 
a long time and a very high temperature to fuse. The slag 
was thick, viscous, and poured poorly yet cleanly; when cold, 
it was reddish brown in color and stony in appearance, with 
distinct indications of copper oxide. The buttons were hard, 
matte-like, and coppery. In no sense was either slag or button 
good. 
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The buttons were scorified with 40 g. of test-lead and 0.1 g. 
of borax, and then reseorified without more lead. The seori- 
fiers were badly corroded. The buttons were now small, clean, 
soft and malleable. Their weights were made up to 15 g. with 
sheet-lead, and they were then cupelled. The cupels were 
deeply stained with copper. 


Weight of Beads. 
Milligrams. 

Best Five Checks. 
Milligrams 

(a) 

104.69 

104.69 

ib) 

103.00 


(c) 

104.19 

104.19 

(d) 

104.42 

104.42 

(e) 

104.43 

104.43 

if 

105.38 

105.38 

ig) 

105.96 


ih) 

107,93 


ii) 

103.00 


Average, 

104.78 

104.62 


The highest value was 10*7.98, or a difference of 3.31 mg. 
from the mean of the best five. The lowest value was 103, or 
a difference of 1.62 mg. from the mean of the best five. Too 
wide a variation in the results is shown for them to be satis- 
factory, especially taking into consideration the high heat, 
poor pour, long period of fusion, and double scorification. 

By this method the ore gives a silver-content of 209.24 oz. 
per ton. 

VII. Basic Slags. 

The charge, using a borax cover, for obtaining the most 
basic slag w'as: Ore, 0.5; PbO, 1; NaHCOg, 1.5 A-T. ; and 
Kl^Oj, 12 g. This was found to be the most basic flux that 
could be run even approximately satisfactorily. A very slow 
and long fusion was required. The pour was clean and the 
slag moderately liquid. The cold slag was brittle, granular, 
stony, and gray to buff in color, with some indications of cop- 
per oxide. Buttons were hard, clean, and malleable, but ex- 
tremely coppery. The buttons were scorified with 40 g. of 
test-lead and 0.1 g. of borax, then rescorified without further 
addition of test-lead. The weight was made up to 15 g. with 
sheet-lead, and then they were cupelled. The cupels showed 
strong copper-staining. 
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Weight of Beads. 
Milligrams. 

(a) 102.31 

(b) 102.44 
(e) 106.98 
(d) 106.95 

e) 106.17 
(/) 107.19 
(ff) 104.80 
(h) 99.50 

ii) 99.00 


Average, 103.93 


Best Four Checks. 
Milligrams. 


106.98 

106.95 

106.17 

107.19 


106.82 


The highest value is 107.19, or a difference of 0.37 from the 
mean of the best four, which is a very good result. The lowest 
value is 99, or a difference of 7.82 from the mean of the best 
four, which is a very poor result. This flux shows a higher 
best mean and a lower general mean than the acidic flux. The 
variations are also greater and the slag nearly as difficult to 
run. The same amount of scorification is required as in the 
case of the acidic charge, but the clean buttons are obtained at 
the first fusion. Since this flux is quite as unsatisfactory as 
the acidic flux, some intermediate or special charge must be 
found for this type. 

The silver-value by this method is 213.64 oz. per ton. 

VIIL Use of Borax in Excess. 

The charge, with borax cover, was: Ore, 0.5; PbO, 1; 
l^aHOOg, 0.75 ; 1 A-T. ; and XNO^, 12 g. This charge 

required long, slow fusion at a medium temperature, but needed 
constant watching and much salting-down to prevent boiling 
over. The pour was good and the slag quite liquid. The cold 
slag was of dark purplish color and stony in appearance. The 
buttons were very hard and brittle and were composed mainly 
of matte; these were scorified with 40 g. of test-lead and 0.1 
g. of borax, and rescorified with an addition of 20 g. of test-lead. 
The cupels showed strong copper-stains. The beads weighed 
as follows : 

Milligrams. 

(а) 87.40 

(б) 88.82 

(e) 90.86 

(d) 99.65 

(e) 102.00 

(/) 104.37 


Average, 95.52 
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The highest value is 104.37, or a difference of 8.85 from the 
mean. The lowest value is 87.40, or a difference of 8.12 from 
the mean. These results are very unsatisfactory, and indicate 
clearly the disadvantages of using a large excess of borax. 

The silver-values by this method are only 190.24 oz. per ton. 

IX. XoEMAL ChAEGB BOB CoPPEEY OrE. 

In making up the normal charge for a coppery ore the fol- 
lowing amounts were used, with borax cover: Ore, 0.5; PbO, 
1.6 ; XaHOOj, 0.76 A-T. ; and KXO^, 12 g. There was quick 
fusion at a moderate heat and a clean pour. The cold slag was 
stony in character, and yellowish red in color. The buttons 
were clean, hard, and coppery ; they would not cupel directly ; 
hence, they were scorified with 40 g. of test-lead and 0.1 g. of 
borax. The cupels indicated the presence of copper. 


Weigfht of Beads. 
Milligrams. 

Best Five Checks. 

Milligrams. 

(a) 

111.00 

111.00 

ih) 

111.21 

111.21 

(c) 

109.38 


id) 

107.86 


(e) 

109.65 


(f) 

110.68 

110.68 

(9) 

109.70 


ih) 

108.25 


ii) 

108.60 


(i) 

107.80 


(k) 

110.12 

110.12 

il) 

110.38 

110.38 

Average, 

109.55 

110.68 


It is to be noted that of these results (e), (e), (y), (A), and (i) 
give a mean that checks as well within itself as the ones 
selected, being 109.51. The highest value is 111.21, or a dif- 
ference of 0.58 from the mean of the best five. The lowest 
value is 107.80, or a difference of 2.48 from the mean of the 
best five. Although not entirely satisfactory, these results 
are much jbetter than in the case of any of the preceding 
methods, especially when the quick, easy fusion and the clean 
buttons at the first fusion are considered. The results also 
show higher values. 

The silver in the ore, according to this method, amounts to 
221.36 oz. per ton. 
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X. EFrECTS OF Litharge Used in Excess. 

With an excess of lead oxide the following charge was used, 
with a borax cover: Ore, 0.5; PbO, 3; XaHOOg, 0.75 A-T. ; 
and KXO 3 , 12 g. The fasion was of short duration at a low 
temperature. Slag was stony in character and of yellowish- 
brown color. Buttons were clean, soft, malleable, and cupelled 
direct; these were scorified with 40 g. of test-lead and 0.1 g. 
of borax. The cupels were coppery. The beads weighed : 


Scorification 

Milligrams 

(a) 110.28 

Direct Cupellation. 
Milligrams 

101.03 

( h ) 

110.48 

106.72 

(«) 

110.84 

99.90 

id ) 

110.62 

103.45 

(«) 

110.95 

106.55 

if ) 

111.04 

110.00 

i 9 ) 


100.02 

Average, 

110.62 

105.24 


All of the scorified buttons came within the limits of 1 in 
100 , with high silver-yield. The highest value, 111.04, shows 
a difference of only 0.42 from the mean. The lowest value, 
110.28, differs from the mean by only 0.34. This excellent 
cheeking commends the use of a large excess of litharge in the 
assay of coppery ores. 

The silver-value of the ore by this method is 221.34 oz. per 
ton. This is 0.02 oz. less than by the method of the normal 
charge for coppery ores ; but the check is so much better than 
the last mentioned that it is far superior, while the procedure 
is no longer and is not more difideult. The attempt to cupel 
directly gave results varying from 99.90 to 110.02, hence this 
method is not to be recommended. The value indicated by 
direct cupellation is 210.46 oz. per ton. 

XI. Special Soorifioation-Tbsts. 

In order to determine the effects of the presence of the 
large amounts of niter used, a series of seorifications were run. 
The charge was : Ore, 0.1 ; Pb, 50 ; SiOj, 1 ; XajB^Oy, 0.5 g. 
These tests gave good slags and buttons that cupelled directly 
with only a slight copper-color on the cupel. The values 
were as follows ; 
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Weight of Beads. 
Milligrams. 

Ounces Per Ton. 

(a) 

21.08 

210.8 

(6) 

21.94 

219.4 

(c) 

21.08 

210.8 

(d) 

21.48 

214.8 

(«) 

21.85 

218.6 

(f) 

21.22 

212.2 

(9) 

21.60 

216.0 

ih) 

21.99 

219.9 

{i) 

21.46 

214.6 

yj 

21.10 

211.0 

Average, 

21.48 

214.8 


These results show a lower general mean and a much less 
satisfactory check than either by the normal charge method or 
by the use of an excess of litharge. It has the further disad- 
vantage of necessitating the working on a very small quantity 
of the ore. Besides, it requires as much time as either of the 
other methods, and hence is not so advantageous. 

Comparison of Methods and Values. 


Values in 

Methods . Ounces Per Ton . 

Dead roast, 206.86 

Acidic flux, 209.24 

Basic flux, 213.64 

Borax in excess, 190.24 

Normal charge from coppery ores, 221.36 

Litharge in excess (scorification), 221 34 

Litharge in excess (direct cupellation), . . . .210.48 

Scorification, 214.80 


XU. SiGNII'IOANOB OB AsSAT-ReSULTS. 

From the above tabulation of results it may be inferred 
that: 

1. A dead-roast is not so satisfactory or so accurate as a run 
with a large excess of niter or a scorification on a charge of 0.1 
A-T., or more; moreover, the roasting involves much more 
labor. 

2. An excess of borax causes low value-determinations, espe- 
cially in the presence of large amounts of sulphur, copper, iron, 
or other matte-forming substances. Although it is not be- 
lieved that any one with experience at the furnace would 
hesitate to recommend borax, if properly used, the use of large 
amounts approaching 1 A-T. must give low results on all types 
of ores. 
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3. An excessively acid flux fuses with great difficulty and 
gives buttons that are hard to handle and that are frequently 
lost in cleaning. Further, when the ores contain matte-form- 
ing materials, the value-determinations are low; but when 
very little or no matte material is present, these results are not 
only much too high but quite difficult to obtain. 

"4. A very basic flux is open to all of the objections which 
can be raised against the acidic flux, and in about the same 
ratio as regards checking-figures. However, in coppery ores, 
the loss is not quite so great, but in zinciferous ores the results 
are too high. Neither method is practical; and both give 
variant results most of the time, unless great care be taken in 
the handling of the lead-buttons. 

5. Ores high in copper cannot be run by any crucible method 
without scorifying the lead-buttons. 

6. Direct scorification on high-grade copper-bearing ores does 
not check as well or give as high values as a combination of 
the crucible and scorification-methods ; besides, it is not a pro- 
cess which is more speedy. 

7. The normal or usual charge for coppery ores gives as high 
results as any method on this type of ore, but its checking is 
not of the best as compared with that in which a large excess 
of litharge is used. The normal charge for ores containing 
some zinc gives slightly lower values than in cases in which an 
excess of litharge is used, but still the cheeks are good for the 
grade of ore. 

8. For ores high in copper or carrying some zinc, a large 
excess of litharge in the charge greatly improves the buttons 
and renders them easily handled. Furthermore, this decreases 
the time and temperature of the fusion, and gives buttons that 
check well, with very close to actual valuations for the silver- 
content of the ore. The method is quick, easy, and accurate. 
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Diagonal-Plane Concentrating-T able . 

BY S. ARTHUR KROM, PLAINPTELD, N. J, 

Wilkes-Barre Meeting, June, 1911.) 

Eeoent experiments indicate that the usual type of concen- 
trating-table is not only poorly adapted to produce the desired 
results, hut also is based upon an incorrect principle, namely, 
the use of riffles to perform the work of stratifying the various 
minerals. 

We have heard a good deal about riffles for concentrating- 
tables; exhaustive experiments have been made to discover 
the proper form of riffle, or to prove the superiority of this or 
that form ; disputes and patent-litigation have arisen over the 
matter of riffles, and thus many have been led to believe that 
the riffle is the saving-device upon which the process of con- 
centration depends. 

In the present paper it is proposed to show that the riffle is 
greatly overrated as to the part it performs in the concentration 
of minerals, and that, in the near future, it may possibly be 
eliminated entirely from that process. 

The experiments in question have shown that the trouble- 
some riffle can be considered of secondary importance at the 
most, and should be so classed in the construction of a concen- 
trating-table built upon the right lines. 

The action of any form of riffle on a concentrating-table is 
such as to upset and retard the process of settling and stratify- 
ing the various minerals on the table-deck. 

Trom the deck of a riffled table no concentrates can be 
delivered until the deck is “ bedded,” that is, until a sufficient 
amount of metallic values has been fed to the table to spread 
over a large portion of the deck, forming a substratum of the 
heavier minerals. This substratum must be maintained by the 
feed within quite narrow limits, and directly proportional to 
the rate of discharge from the table, in order that the bed shall 
not be lost. On the other hand, the riffles having a very lim- 
ited carrying-capacity, considerable care must be taken not to 
overfeed a riffled table, in which case the table proceeds, in 
mill parlance, to rob itself. As soon as the space between the 
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riffles becomes filled to and above the riffle-tops, the values 
then pass off the table with the tailings or lighter material, 
before they can be delivered by the table-motion to their proper 
discharge-point. 

It can readily be seen that to regulate a feed that will keep 
a riffled table properly bedded, namely, between the points of 
not sufficiently bedded and over-bedded (which are not very 
far apart), is no easy performance from a mechanical point of 
view, and it is rendered doubly difficult by the varying metallic 
content of the pulp fed to the table. 

It is not often that favorable conditions for feeding a riffled 
table-deck can be secured in practice ; and when they are, the 
riffle proceeds to upset the whole business in hand. As the 
pulp reaches the first riffle it is forced over it by its own mo- 
mentum ; and this process is repeated at each succeeding riffle. 
In passing over each riffle, the entire mass of the pulp is dis- 
rupted and shaken up. WhateveAettlement and stratification of 
heavy particles has taken place between the riffles, is to a large 
extent destroyed. Each time the pnlp is forced over a riffle it 
is an even chance whether the lighter or the heavier particles 
reach the deck first. They may drop from the top of the riffle 
and reach the table together, in which case the lighter particles 
become mixed with and imbedded with the heavier, in such a 
manner that they are unable to stratify themselves according 
to their specific gravities before they again meet an obstacle to 
their proper settlement in the form of another riffle. In other 
words, the work of settling and stratifying by themselves the 
various mineral contents of the ore in hand, is upset and re- 
tarded as many times as there are riffles on the deck of the table. 

Another serious defect in the construction of many concen- 
trating-tables is that the line of motion of the table is parallel 
to the riffles upon the deck of the table, hence there is no 
action to counteract the downward flow of the heavier minerals 
and aid in their separation from the gangue matter by the 
dressing-water. 

A series of experiments extending over a period of six years 
and conducted by U. S. James, of JTewark, N, J., to obtain the 
best means of concentrating minerals by the use of a wet re- 
ciprocating-table, has resulted in a table differing radically in 
construction from the riffled table with parallel motion. A 
view of the table is given in Eig. 1. 
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The deck of Mr. James’s table is composed of a plain, non- 
rifBLed surface, and what might he termed a slightly-rif9.ed sur- 
face. The plain, nou-riffled portion of the table is formed by two 
planes of different inclinations to each other, meeting in a line 
diagonal to the line of motion of the table. Hence Mr. James 
has named it The Diagonal-Plane Table-Deck. The planes in 
question form a basin in which the minerals of the greatest 
specific gravities are settled and stratified previous to their dis- 
charge upon the riflded portion of the deck. 

Referring to Pig. 2, which is a plan of the table-deck, A. and 
JB are the stroke-adjustments, and G is the tilting-lever. The 
pulp, which enters the launder through pipe D, is fed along 
the upper edge of one plane and on a line parallel to the table- 
motion. During the travel of the pulp down the gentle incline 
of this plane, G, G, which may be called the receiving- and 
settling-plane, the heavier minerals in the pulp settle and slide 
gently on the surface of the ^lane, to the line of intersection, 
H, S, of the planes forming the basin. Along this line the 
most important action of the whole operation takes place, 
namely, the stoppage of the metallic portion of the pulp-fiow 
by the rising plane, K, K, forming the lower section of the 
basin, and the carrying onward of the lighter or tailings por- 
tion of the pulp by the wash-water out of the basin. All these 
actions take place simultaneously with the discharge of the 
concentrates from the settling-basin by the motion of the 
table. 

The degree of inclination of the settling-planes to each other, 
and the angle of their intersection to the line of the table- 
motion, is of the greatest importance in securing the above 
results. 

The practice of settling and stratifying by means of a settling- 
basin provides for the disposition of a very wide range in 
quantity of metallic contents. There are no confining limits 
other than the limits of the basin itself. The basin does not 
require “ bedding ” and is very difficult to overfeed. It settles 
and discharges automatically whatever quantity of metallic par- 
ticles the ore may furnish. 

The riffled surface of the deck is divided into two sections, 
one for the reception of the concentrates, J, I, Fig. 2, and the 
other, /, J, for the tailings. The riffles on the concentrates 
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section are very thin, being but in. high. As the concen- 
trates are discharged from the settling-basin on this portion 
■of the deck, the low riffles allow them to spread out, which 
action enables such gangue as may remain in them to become 
free, forming a thin upper stratum, which is easily washed 



Fig. 1. — The James Diagonae-Plane Table. 



(7. Tilting-iever. retarding-planes. 

D. Feed-pipe. J, L Concentrates-finishing section. 

0, G. Settling-plane. J”. Tailings-finishing section. 


Fig. 2.— Plan oe James Diagonal-Plane Table-Deck. 
away by the dressing-water. As the metallic pulp emerges 
from the settling-basin upon the thinly-riffled section of the 
deck, it is, by reason of the line of table-motion being diagonal 
to its line of settlement, driven not only forward but upward 
against the inclination of the deck, thus counteracting the 
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tendency of the dressing-water to wash the concentrates into 
the tailings-section. 

The tailings from the settling-basin do not come in contact 
with the riffles nntil they have been w^ashed entirely free of 
values. These riffles act simply as a retarding iuflaence, pre- 
venting the too rapid discharge of the tailings and the wash- 
water from the non-riffled section. They have nothing to do 
with the stratification of the minerals. 

In order that the table-motion may be adapted to the greatest 
variety of metaliie palps, the eccentric actuating the table is 
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mounted upon an adjustable pin. Thus the eccentric may be 
placed more or less off center. This adjustment, combined 
rvith the regular stroke- adjustment, provides for more than 200 
different movements, ranging from a very mild kick and long 
stroke to a very sharp kick and short stroke, or any combina- 
tion of movements between these extremes. As a guide to the 
unskilled operator, an index-plate, based upon the sizie of the 
materia], is provided, which is of great assistance in selecting a 
■movement with which to start. Fig. S is a view of the head- 
motion, showing the index-plate for the regulation of the stroke. 
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Electric Motors Versus Compressed-Air Engines for 
Driving Deep-Mine Hoists. 

BY K. A. PAULY, SCHENECTADY, N. Y. 

(Wilkes-Barre Meeting, June, 1911 ) 

Compressed air has been and is still very extensively used 
in connection with mining-operations, but its application in 
the past has been almost entirely confined to supplying power 
to underground machinery. Its introduction was due to the 
diflSlculty of taking care of the steam which is exhausted under- 
ground, rather than to any advantage in efidciency to be gained 
by its use. The ease with which electric power may be carried 
to the remotest parts of the mine and the high efficiency of the 
electric motor have long been appreciated by mine-operators, 
and electric power is now extensively used underground in 
the more recent developments, while many of the compressed- 
air engines in the older workings are being rapidly* replaced 
by electric motors. 

Recently, however, it has been suggested to use compressed 
air for driving the large shaft-hoists, the air for the engines 
being supplied by electrically-driven compressors, and an in- 
stallation of this character is being erected at Butte, Mont. 

It is the object of this paper to compare the compressed-air 
system of hoisting with the various electrical systems, from the 
stand-points of first-cost and cost of operation. However, be- 
fore entering into a discussion of the various systems, it will 
be well to consider briefly the conditions affecting the choice 
of a system of hoisting in which electricity is the ultimate 
source of power. 

The power required by a mine-hoist is extremely intermit- 
tent and fluctuates between very wide limits, the all-day aver- 
age consumption of power not exceeding from 5 to 16 per 
cent, of the maximum demand during hoisting. 

The cost of supplying power for such a fluctuating load is 
necessarily higher than that for supplying an equal amount of 

VOL. Xlill. — 31 
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power delivered at a uniform rate, because of both the high 
first-cost and the low average eflBlciency of the generating^ 
transforming, and transmitting equipment, which is only 
partly loaded during the greater part of the time. 

Also, such an intermittent load often produces harmful fluc- 
tuations in the voltage, if the power taken by the hoist is a 
considerable percentage of the total load of the system or 
feeder circuit. 

Power companies, in order to compensate for the increased 
cost of producing power for an intermittent or fluctuating load, 
usually penalize peak-loads, by making a charge for power 
based on the maximum demand as well as the total kilowatt- 
hours consumed. Also, to protect their systems from excessive 
fluctuations in voltage, the maximum demand is usually limited 
either by severely penalizing peaks over specified amounts, or 
by limiting the capacity of the motors which are permitted to 
operate intermittently on their systems. 

The load factor, that is, the ratio between the average and 
the maximum demand, increases with the number of hoists, but 
the number of shafts operated by individual mining companies 
is in many cases so small, that equalization of the hoist-loads 
among themselves has little effect in reducing the capacity of 
the power-system serving them, or the cost of power, if power 
is purchased. It is, therefore, often more economical and 
sometimes necessary, where electricity is to be used for shaft- 
hoisting, to provide some means for storing power during the 
eriod when the demands for power are small, returning it 
during the peak-loads, thus limiting the demand on the power- 
system to approximately the average demand when hoisting at 
the maximum rate. 

With this end in view, many systems have been proposed 
which take advantage of the fly-wheel, the storage-battery, or 
compressed air as a means of storing power when the demand 
for power is small, and delivering it at a high rate for short 
periods. 

The Ilgner, converter-equalizer, and Oreplet systems are the 
most common of the purely electric systems using the fly- 
wheel, and of these the Ilgner is almost universally used. Two 
systems using compressed air have been suggested : one, the 
low-pressure system, in which the hoist-engine exhausts into 
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the atmosphere, and the other, the dense-air system, in which 
the engine cylinders form a part of the closed air-system, the 
engine exhausting against a pressure considerably above at- 
mospheric pressure, the admission pressure being correspond- 
ingly raised. 

KTot only does the choice of the purely electric system or the 
compressed-air system depend upon whether or not the prob- 
lem presented is that of an isolated hoist or a group of hoists, 
but those systems which are applicable to both conditions dif- 
fer in many details, depending on whether they are applied to 
an isolated hoist or a group of hoists. (By the term “ isolated 
hoist ” or “ single hoist ” is meant one which, either because 
of its position with respect to the power-station or other load 
with which its fluctuating demands for power would interfere, 
or because of the penalization of the peak-loads if power is 
purchased, must be considered as the only hoist connected to 
the system.) 

A comparison between the purely electric system and the 
compressed-air system will, therefore, be made first on the 
basis of a single hoist, following this with a comparison on the 
basis of a group of hoists situated at comparatively short 
distances from each other, and, as both systems of compressed 
air are applicable to isolated installations, they will be com- 
pared VTith the Ilgner system, which has been almost univer- 
sally adopted in the past. 

The operation of hoisting-engines on the low-pressure air- 
system is very similar to their operation by steam. From the 
compressor the air is delivered to large receivers, from which 
it is drawn to supply the engine, the air being exhausted from 
the engine directly into the atmosphere. As most of the heat 
generated in the air by compression has been lost before it 
reaches the engine, it must be reheated in order to increase the 
efficiency, and to prevent the freezing of the moisture con- 
tained in it, which if allowed to freeze will seriously interfere 
with the operation of the engine. 

The closed-air system differs from the low-pressure system in 
that the engine exhausts into a receiver, from which the air 
for the compressor is drawn; the working-pressure of the 
engine being the difference between the admission-pressure and 
the pressure in the exhaust-receiver. 
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In the Ilgner system, the hoist is driven by a direct-current 
motor, power for which is supplied by a fly-wheel motor- 
generator set. The speed and direction of rotation of the 
hoist-motor are controlled by varying the voltage of the direct- 
current generator. The maximum demand upon the power- 
system is maintained at approximately the average demand 
during hoisting at the maximum rate by automatically varying 
the speed of the fly-wheel, a portion of the energy of the fly- 
wheel being given up during the peak-loads and returned to 
the fly-wheel during the lighter loads. 

For a description of other electrical systems, refer to a paper 
on Electric Mine-Hoists, by D. B. Rushmore and K. A. Pauly.’^ 

At first thought the change from steam to compressed air 
seems to be comparatively simple, requiring much less expense 
than changing from steam to electricity; but a careful con- 
sideration of the problems involved will reveal the error of this 
first impression. 

As noted above, the successful and economical operation of 
compressed-air engines requires the temperature of the air at 
admission to be such that after expansion in the cylinders its 
temperature is not lowered sufficiently to cause freezing of the 
moisture contained in it. But the permissible temperature of 
the air at admission is limited by the flash-point of the cylinder- 
lubricant, approximately from 400° to 450° F. This imposes 
a practical limit of 90 lb. gauge to the pressure of the air for 
operating the engines on the low-pressure system. Therefore, 
as steam hoisting-engines operate at much higher pressures, it 
will usually — ^if not always — be necessary in changing over to 
compressed air to replace the engines by entirely new ones 
having much larger cylinders, thus placing the compressed-air 
system on a par with the purely electrical system as far as the 
hoist proper is concerned. 

Further, a reheater must be used with a compressed-air 
system. It is frequently suggested that the old steam-boilers 
be used as reheaters, adapting them for this purpose by re- 
ibuilding the furnaces. To do this, however, is open to two 
-.serious objections, except under special conditions: 1, with 
ihe best of care a great deal of trouble will be experienced 


* Trans., xli., 68 to 119 (1911). 
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from burning of the tubes ; and 2, unless the nature of the fuel 
is such that the temperature of the air can be closely regulated, 
its temperature will be raised above the flashing-point of the 
cylinder-lubricant during the periods when the hoist is draw- 
ing no air, and disastrous results may follow the admission of 
this highly-heated air into the engine-cylinders. A. safe way 
of reheating air is to inject high-pressure superheated steam 
in it. If the installation is a new one, a reheating-plant re- 
sembling in essential details a small boiler-plant must be built; 
this, however, has no counterpart in the purely electrical 
system. 

The fly-wheel motor-generator set supplying power to the 
hoist-motor may readily be placed in the hoist-house or in a 
lean-to. The air-compressor may be placed at the hoist, or it 
may be included as an addition to the compressor-plant, if one 
exists. But, wherever placed, the building required for hous- 
ing the compressor and its intercooler will be larger than that 
required for the motor-generator set. Further, if the com- 
pressor be placed at the main compressor-plant, rather than at 
the hoist, considerable expense will be involved in many cases 
in piping the air frorb, the compressor to the hoist. On the 
other hand, if the compressor be placed at the hoist, it will be 
necessary to provide cooling-water, which in some cases will 
also involve considerable expense. 

The claim is often made that the air for the hoist may be 
taken from an existing compressor-plant, without the necessity 
of materially increasing the capacity of the plant. This claim 
seldom, if ever, has any foundation; for if there is any con- 
siderable excess of compressor-capacity, it has been provided 
for a purpose, either for future growth or to take care of an 
emergency; and if advantage is taken of this capacity, the 
protection afforded by it is sacrificed, and the equivalent 
capacity must be added to meet the future demands. 

The capacity of the air-receiver used to equalize the demand 
from the compressors is often underestimated in making a pre- 
liminary study of the problem. The drawing of air from the 
receiver to supply peak-demands for air results in a reduction 
of the pressure in the receivers, unless special provisions, too 
expensive for consideration in connection with an isolated hoist, 
are made to maintain constant pressure. The percentage-change 
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in pressure is mueli greater within practical operating ranges 
than the percentage-change in volume of air drawn, a drop in 
pressure from 90 to 70 lb. gauge, 22 per cent., resulting from 
a draft of only 14.5 per cent, of the air contained in the re- 
ceiver. On the other hand, a fly-wheel gives up a large part 
of its energy with a small reduction in speed; approximately 
one-half of the total energy of the wheel being delivered with 
a reduction of only 30 per cent, of its speed. Therefore, the 
total energy stored as potential energy in the air contained in 
the receivers must be approximately 3.5 times that of the 
equivalent fly-wheel. "While it is true that the drawing of 
power from the fly-wheel of the Ilgner system is accompanied 
by a loss of power, a similar loss takes place when the air is 
drawn from the receiver. 

When lowering unbalanced or when braking, power is au- 
tomatically returned to the power-system with the electric hoist. 
While the air-hoist engine may be made to operate as a com- 
pressor when lowering or braking, and thereby return power, 
it can only be made to do so at the expense of simplicity of 
control. 

For the purpose of making a direct comparison between 
hoisting by compressed-air engines and by electric motors, I 
have assumed the following conditions. ■ 


Depth, of shaft, ........ 2,500 ft. 

Maximum rope-speed, per minute, .... 2,200 ft. 

Weight of ore per trip, 7,000 lb. 

Weight of skip, 4,200 lb. 

Diameter of rope, 1.6 in. 

Time consumed hoisting ore, 40 per cent. 

Time consumed in shifting and other hoisting, . . 20 per cent. 

Time hoist idle, 40 per cent. 

Power consumed in shifting and other hoisting, . . 50 per cent, 

of that consumed in hoisting ore. 

Average temperature at mine, 45® F. 

Altitude, 6,000 ft. 


Hoist of the cylindrical-drum type, and hoisting nor- 
mally done with skips in balance, but provision 
made in the capacity of the equipment for hoist- 
ing full load unbalanced. 

6,600-volt, three-phase, 60-cycle power available at 
the hoist at 1 cent per kw-hr. consumed. 

Coal having a thermal value of 12,000 B.t.u. avail- 
able at the hoist at $4.50 per ton. 

Average depth of hoisting, . 


. 2,000 ft. 
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To meet these conditions with an air-hoist will require a 
two-stage, 6,000-cu. ft. air-compressor driven by a 1,000-h-p. 
synchronous motor, a storage-receiver of approximately 6,500 
eu. ft. capacity, and a reheater. The equipment for the elec- 
tric hoists will consist of a 550-h-p. fly-wheel motor-generator 
set, and a 1,000-h-p. hoist-motor. 

The first-costs of these two equipments complete and installed 
are given in Table I. 

Table I. — First- Costs of Air-Hoist and of Electric Hoist. 

Air-Hoist 

Compressor-plant, including compressors, building, and air- 

receivers, . . ^41,000 

Kebeater, modifications of hoisting-engine and piping, . 13,500 

Total, |54,o00 

Electric Hoist 

Fly-wheel motor-generator set, switch-board, and alterations 

to hoist-house, ?29,300 

Direct-connected hoist-motor, control, and connections to 

hoist, 24,500 

Total, $53,800 

The data in Table I. indicate that for an isolated installation 
the first-costs of the compressed-air hoist and the electric hoist 
are practically the same. In compiling these figures it has 
been assumed that the compressor would be placed at or near 
the hoist-house and only a small allowance has been made for 
piping from the compressor to the hoist. Of course, the varia- 
tions in conditions of individual installations may cause either 
one or the other type of hoist to he slightly lower in first-cost, 
but any advantage which the compressed-air equipment may 
have in this respect, in individual cases, will always be insig- 
nificant when compared with the capitalization of its greater 
cost of operation. 

The power consumed by the electric hoist and the com- 
pressed-air hoist per day for various depths and the coal con- 
sumed per day for reheating the air are shown by the curves of 
Fig. 1. (As stated under the assumptions made in calculating 
these curves, it is assumed that the power consumed in shift- 
ing and other hoisting is 50 per cent, of that consumed in 
hoisting ore. Therefore, if the efficiency of the two systems is 
figured from these curves, two-thirds of the power consumed, 
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as shown by the curves, should be used in making the calcula- 
tions. It should also be borne in mind that the efficiency of 
the compressed-air system varies directly with the absolute 
temperature of the air entering the engine-cylinders and a 
corresponding correction should be made if this temperature 
differs from 410° F., which temperature was assumed in pre- 
paring the above figures.) These curves show that the power 
consumed by the compressed-air hoist is greater than that re- 
quired by the electric hoist when hoisting from the greater 
depths, while for the shallower depths the reverse is true. 



Fig. 1. — Consumption op Poweb. and Coal fob Reheating, Isolated 
Electbic and Air-Hoists. 


However, these curves do not truly indicate the relative costs 
for power for the two systems except where power can be pur- 
chased at a fiat rate, which will rarely be the case for isolated 
installations. The power consumed by the compressed-air 
hoist during hoisting is much greater than that of the electric 
hoist, as is indicated by the capacities of the motors driving 
the compressor and the generator of the motor-generator set, 
so that the penalization of the peak-demand for power in- 
creases the cost of power for the compressed-air hoist more 
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than for the electric hoist. However, as the extent to which 
the cost of power for the compressed-air hoist will be affected 
by the penalization of the peak-demand depends on the extent 
to which the peak is penalized, and as a flat rate for power 
places the compressed-air hoist in the most favorable position, 
E have assumed a flat rate for power in comparing the operat- 
ing-costs of the two systems. Further, to the cost of power 
for the compressed-air system must be added the cost of re- 
heating the air, which, although a comparatively small item, is 
one which cannot be neglected. 

Table II. gives the total annual cost of operating the com- 
pressed-air hoist and the electric hoist based on hoisting 1,200 
tons of ore per day, 275 days per year, from an average depth 
of 2,000 feet. 

Table II. — Annual Cost of Operating Compressed-Air Hoist 
and Electric Hoist 

Compressed-Air Hoist 


Fixed Charges, 


Interest on investment, at 6 per cent., .... 

12,725 

Depreciation, ........ 

2,180 

Taxes and insurance, at 1 per cent., .... 

545 

Total 

$5,450 

Operating-Costs, 


Maintenance, repairs, oil, waste, and sundries, . 

$1,363 

Fuel for repeating air, 

2,227 

Labor, 

10,876 

Cost of power, 

20,900 

Total, 

$35,365 

Grand total, 

$40,815 

Electric Hoist 


Fixed Charges. 


Interest on investment, at 5 per cent.. 

$2,690 

Depreciation, ........ 

1,883 

Taxes and insurance, 1 per cent. .... 

538 

Total, 

$5,111 

Opei'ating-Costs. 


Maintenance, repairs, oil, waste, and sundries, . 

$1,076 

Labor, 

4,100 

Cost of power, 

19,992 

Total, 

$25,168 

Grand total, 

$30,279 

Cost of operating compressed-air hoist. 

Excess cost of operating compressed-air hoist, above 

$40,816 

that of an electric hoist, 

$10,686 
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Table 11. shows that under the conditions assumed a saving 
of approximately $10,500 may be realized by the adoption of 
the electric hoist, which saving will pay for the complete in- 
stallation in less than five years. 

iFurthermore, a comparison of the items which comprise the 
operating-costs of the two systems will reveal the fact that the 
greater labor required for the compressed-air hoist is largely 
responsible for its higher operating-cost, from which it follows 
that for conditions difiering widely from those assumed, both 
as to output and depth of mine, the same general conclusions 
may be drawn with respect to the costs of operating the two 
systems, namely, that the compressed-air system will be con- 
siderably more expensive to operate. This difierence in oper- 
ating-costs may be farther increased, as previously pointed out, 
if the cost of power is based on the' maximum demand as well 
as the kilowatt-hours consumed. 

While it has been suggested to operate isolated deep-mine 
hoists on the closed-air system, the conditions rarely, if ever, 
are such as to warrant its adoption. For engines taking air 
throughout the whole or practically the whole length of the 
stroke, as is the case with small direct-acting pumps, small 
slope-hoists, etc., a considerable saving in the power re- 
quired to compress the air consumed by them may be realized 
by adopting the closed-air system. Where the air can be and 
is used expansively, there is seldom any saving in power to 
be gained by adopting this system, and where the load varies 
between wide limits, as it does during a hoisting-cycle, the 
power required to compress the air may be even greater than 
with the low-pressure system. Further, the loss due to leak- 
age will be much greater than with the low-pressure instal- 
lation. 

The first-cost of the complete installation will be somewhat 
greater than that of the low-pressure installation because of the 
exhaust-receiver, the return-air main, and the high pressure for 
which all the piping, receivers, etc., on the high-pressure side 
of the system must be designed. 

The first-cost of the closed-air system may be further in- 
creased over that of its low-pressure competitor in special eases, 
due to the fact that the compressor cannot be operated in con- 
junction with existing compressors, and, therefore, no advantage 
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-can be taken of the improved load-factor in reducing the total 
capacity of the compressor-plant. 

The labor required to operate the hoist on the closed-air 
system will be the same as that required for the low-pressure 
hoist, so that the total annual operating-cost will not be very 
different from that given in Table II. for the low-pressure hoist. 
Therefore, the comparison which has been made between the 
electric and the low-pressure air-systems indicates approximately 
the saving which may be realized by the adoption of the elec- 
tric hoist in preference to the compressed-air hoist operated on 
the closed-air system. 

Where a group of hoists is to be served, the compressed-air 
and electric systems differ somewhat from those best adapted 
to taking care of isolated hoists. If the hoisting is to be done 
by compressed ai^*, a central compressor-plant is placed as near 
the center of distribution as conditions will permit. 

Where a number of hoists are operated from the same cen- 
tral plant their loads combine and tend to produce a uniform 
load; but even with a considerable number of hoists operating 
in conjunction, there may be fluctuations in the combined load 
due to the simultaneous occurrence of the maximum and 
minimum loads of several of the hoists. In order to take care 
of these fluctuations, and thereby permit of compressing the 
air at a rate corresponding approximately to the average 
demand, a large receiver for storing air is located at the cen- 
tral compressor-plant. It has already been noted that when 
air is drawn from receivers the pressure drops rapidly, and, 
therefore, only a small percentage of the air contained in the 
tanks is available for assisting in handling the peak-loads unless 
some means is provided whereby the pressure in the tanks is 
maintained independently of the quantity of air drawn. To 
accomplish this result, a large water-storage reservoir is placed 
at the proper height above the storage-tanks and connected 
with them, which allows water to flow into or out of the tanks 
as air is drawn from or delivered to them, thereby maintaining 
constant air-pressure in the receivers. 

Where the hoists are placed at a considerable distance from 
the central compressor-plant it is necessary to install local re- 
ceivers to reduce the excessive demands for air from the central 
plant during hoisting, it being more economical to provide the 
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local receiver-capacity than to install the large air-mains which 
would otherwise be necessary to prevent undue drop in pres- 
sure and loss in energy in the pipes during the maximum 
demands for air. The capacity of the local receivers, however^ 
may be somewhat less than that of those required for the isolated 
hoist. The hoisting-engine and reheater are the same as for 
the isolated hoist. 

Owing to the expense of the double pipe-lines necessary 
with the dense-air system, it is not practical to operate a group 
of hoists by this system, and it is, therefore, eliminated from 
the present comparison. 

The electric system as applied to a group of hoists differs 
materially from that for an isolated installation. In cases where 
it is satisfactory to gear the motors to the hoists, alternating- 
current motors may be used, thus eliminating the cost of the 
motor-generator set. The losses in the alternating-current 
motor will be approximately the same as the combined losses 
with the direct-current motor and motor-generator set. 

A central electric storage-plant is placed as near as possible 
to the center of distribution to provide for the fluctuations in- 
the combined load of all the hoists, as does the central receiver 
and reservoir for the air-hoists. Storage-batteries connected 
to the alternating-current supply-system through synchronous 
motor-generators are used for storing electric energy during 
the light-load periods and delivering it during the periods when 
the demand for power exceeds the average demand. The 
storage-battery is automatically controlled in such a way that 
the maximum demand for power is limited to approximately 
the average demand, this being accomplished very simply by a 
relay connected in the main supply-circuit. 

In some cases it may be found advantageous to use large fly- 
wheels in conjunction with the storage-batteries, the function 
of the fly-wheel being to relieve the storage-batteries of the 
excessive peak-loads. However, as to whether or not fly- 
wheels can be advantageously used will depend on local con- 
ditions, and as the use of fly-wheels will tend to reduce, rather 
than increase, the cost of the storage-plant, it has been assumed 
in what follows that storage-batteries only are used. 

The hoists are driven by direct-current motors, and, as it is 
not necessary to make any provision at the hoists for reducing 
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the fluctuations in the load, such as is necessary with the air- 
hoists, power for the hoist-motors is supplied by direct-current 
generators driven by synchronous motors. 

For the purpose of comparing the air-system and the electric 
system as applied to a group of hoists, I have assumed an in- 
stallation involving a group of 10 hoists, each meeting the 
conditions assumed for the isolated hoist, and each located at an 
average distance of 1,500 ft. from the central compressor-plant. 
N'ot only does the storage-system serve to reduce the peak-loads, 
but it also provides power for hoisting during short periods 



Fig. 2.— CoNSUMFriON or Powm and Coal poe Reheating, Grouped 


Edbotbio and Air-Hoists. 


when the main power-supply system is shut off". It is assumed, 
for the purposes of this comparison, that the storage-system 
shall have sufficient capacity to provide power for making two 
trips with each hoist from the 2,000-ft. level. 

To meet these conditions with air-hoists will require six 
2-stage, 6,000-cu. ft. air-compressors, each driven by a 1,000-h-p, 
synchronous motor; a central storage-receiver of approxi- 
mately 80,000 cu. ft. capacity, placed near the compressors ; a 
reservoir of SO", 000 cu. ft. capacity connected to the storage- 
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receiver and located approximately 210 ft. above it; and a local 
receiver of 5,500 cu. ft. capacity and a rehoater at each hoist. 
The equipment for the electric hoists will consist of an elec- 
tric storage-plant equivalent in capacity to the central air- 
receiver and placed centrally with respect to the hoists, and a 
1,000-kw. synchronous motor-generator-set and a 1,000-h-p. 
hoist-motor at each hoist. 

The first-costs of the two equipments complete and installed 
are given in Table III. 

Table III. — First-Costs of Air-Hoists and JElleetrie Hoists. 

Air-Hmts. 


• Compressor-plant, including compressors, piping, and 


building, 

$255, 600 

Air-storage plant, including reservoir and receiver, 

44,900 

Air-distribution system, 

Reheaters, local receivers, modifications of hoist- 

33,200 

ing-engine and piping, 

178,300 

Total, .... 

$512,000 

Electric Hoists. 


Motor-generator sets, switch -boards, and alterations 


to hoist-houses, 

$184,100 

Electric-storage plant, including storage-battery. 


motor-generator, switch-board, and building, 

83,700 

Distribution system, including lightning-arresters, . 
Direct-connected hoist-motors, controllers, and con- 

7,800 

nections to hoists, ...... 

245,000 

Total, 

$520,600 

First-cost of air-equipment, 

Excess cost of electric hoist above that of a com- 

$512,000 

pressed-air equipment, 

$8,600 


It will be seen from the data in Table IIL that the difference 
between the first-costs of the electric and the compressed-air 
hoists is only slight; in fact, less than the variation which would 
be expected in making two duplicate installations. Also, with 
the group of hoists, as was stated for the isolated installation, 
the relative first-costs will vary somewhat with local conditions, 
but this variation will be comparatively small. 

The power consumed per day in hoisting from various 
depths and the coal required for reheating the air are shown 
by curves. Pig. 2. The curves show that the power consumed 
by the compressed-air hoists is greater than that for the elec- 
tric hoists throughout practically the whole range ; and, that 
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the difference in the power consumed by the two systems 
is greater than was the case with the isolated installations. 
This is due to the improved efficiency of the electric hoists, 
resulting largely from the elimination of the friction and wind- 
age-losses of the fly-wheel and increased losses in the distribut- 
ing-mains of the compressed-air system. The coal consumed 
for reheating the air is, as would be expected, in direct pro- 
portion to the number of hoists installed. 

Table IV. gives the total annual cost of operating the com- 
pressed-air hoists and the electric hoists based on hoisting 1,200 
tons of ore per day per shaft, 276 days per year, from an aver- 
age depth of 2,000 feet. 

Table IY. — Annual Cost of Operating Compressed-Air Hoists 
and Electric Hoists. 

Compressed-Air Hoists. 

F^xed Charges, 

Interest on investment, at 5 per cent., 

Depreciation, at 4 per cent., 

Taxes and insurance, at 1 per cent., . 

Total, .... 

Operating~Costs, 

Maintenance, repairs, waste, oil, and sundries, 

Fuel for reheating air, .... 

Labor, 

Cost of power, ...... 

Total, .... 

Grand total, 

JSleeiric Hoists, 

Fixed Charges, 

Interest on investment, at 5 per cent, . . , $26,030 

Depreciation — storage-battery at 18.6 per cent, re- 
mainder at 3.5 per cent., 27,821 

Taxes and insurance, at 1 per cent, .... 5,206 

Total, $59,057 

Operating^Costs. 

Maintenance and repairs — storage-battery at 6.6 per 


cent, remainder at 2 per cent, .... $13,292 

Labor, 38,300 

Cost of power, . 180,950 

Total, $232,542 

Grand total, .... $291,699 

Cost of operating compressed-air hoists, « . . $373,870 


Excess cost of operating compressed-air hoists above 
that of electric hoists, 


$25,600 

20,480 

5,120 


$51,200 


$12,800 

22,270 

74,760 

212,850 


$322,670 

$373,870 


$82,271 
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The data in Table IV. show that for a group of hoists, as 
was found to be the case for the isolated installations, the com- 
pressed-air hoists are much more expensive to operate than are 
the electric hoists, and that the saving (approximately $85,000 
per year) which may be realized by the use of electric hoists 
will pay for the complete installation in approximately six years. 

No allowance has been made in the costs of operating the 
compressed-air hoists for the expense of providing cooling- 
water for the intercoolers. In many mining-camps water is a 
somewhat expensive luxury, and the cost of cooling the air 
between the first and second stages of the compressor cannot 
be neglected, as it is an item which appears in full in the saving 
by the use of the electric hoists. 

Here also, as was found to be the case for the isolated hoist, 
the saving in labor is the predominating factor in the total sav- 
ing, and while the cost of coal and power will vary somewhat 
with local conditions, the results in general will be about as 
shown by these figures. 

In determining the capacity of the storage-battery, it has 
been assumed that approximately 16 min. will elapse before 
the 20 trips (two for each hoist), which the storage-battery is 
designed to take care of in the event of the shutting-off of the 
power-supply, have been completed. This tinje has been 
allowed as under normal conditions all the hoists would not be 
working at their maximum rate simultaneously. If, however, 
conditions are such that this will not give adequate protection, 
this time may be shortened to 10 min. by increasing the cost 
of the storage-battery installations approximately $20,000. 

I have purposely omitted from this paper all reference to the 
relative efficiencies of the systems compared, owing to the con- 
fusion which may follow the use of this term in connection 
with the compressed-air systems without a clear understanding 
of the conditions assumed in determining it. Fundamentally, 
efficiency is the ratio of the work performed (energy delivered 
to the drum-shaft) to the energy consumed in doing the work, 
which, for the compressed-air system, is the ratio of the work 
done by the hoisting-engine to the sum of the energies con- 
sumed in the compressing and reheating of the air. But as 
the costs of energy for compressing and reheating the air dif- 
fer, no practical use can be made of the efficiency. 
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There is but one test of the economy of two competitive 
installations, and that is, cost per ton of rock hoisted; this 
amount including all the factors, fixed charges on the invest- 
ment, operating-costs, including fuel, labor, maintenance, re- 
pairs, and cost of power. Compared on this basis the electric 
installation will show higher economy. 

As the power required for compressing the air may be re- 
duced by increasing the temperature to which the air is heated 
before entering the engine, it is often suggested that the air be 
heated to a temperature considerably above that assumed in 
this paper. To do this, however, is open to serious objections ; 
first, because it will require the use of much more expensive 
engines designed along the lines of gas-engines ; and, second, 
the reduction in the total operating-expense will be compara- 
tively small and not suflicient to warrant experimenting with a 
new type of hoisting-engine. 

In addition to the lower cost of operation, the purely electric 
systems of hoisting possess important advantages over their 
competitors, the compressed-air systems, which, although they 
cannot be capitalized, should be given careful consideration in 
making a choice. These advantages are : 

1. The number of hoists which can be economically served 
from a central compressor-plant is limited, owing to the ex- 
pense of piping the considerable distances. 

2. The extensions may be made with less difficulty and at 
less expense than with the compressed-air system. 

3. Simple automatic protective devices can be readily applied 
to the electric hoist, which not only increase its safety and 
reliability of operation, but also protect the hoist from abuse 
by a careless operator. 

4. The characteristics of a hoist-motor are such that its 
speed is automatically limited to a predetermined value with- 
out the use of auxiliary devices, thus reducing to a minimum 
the possibility of a runaway when lowering unbalanced. 

5. The electric system is simpler and therefore more reliable 
than the compressed-air system with its compressors and hoist- 
engines with complicated valve-mechanisms, its cooling-water 
system for the compressors, and reheaters for the engines. 

6. The efficiency of the electrical apparatus varies little, if 
at all, with age, while the losses in the compressed-air system 

VOL. XIII.— 32 
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may be materially increased in a short time by leaky valves, 
pistons, and air-mains, unless extreme care is taken to guard 
against these losses. 

7. The minor repairs which are the chief sources of the 
annoyance in either system can be made much more quickly, 
and therefore with much less loss of production, with the elec- 
tric hoist than with the compressed-air hoist. 

In summing up, I emphasize the following : 

1. That from the stand-point of first-cost, the compressed- 
air system and purely electric systems of hoisting are on a 
par. 

2. That the annual cost of operating the electric hoist is 
much less than that of the compressed-air hoist, and that the 
saving which may be realized by the use of electric hoists will 
pay for the complete installation in from five to six years. 

3. That for the isolated hoist, the maximum demand on the 
power-system is greater for the compressed-air hoist than for 
the electric hoist; and that where the peak-load is penalized, 
the saving which may be made by the use of the electric hoist 
will be considerably greater than that shown by the foregoing 
figures. 

4. That electric motors have been used for a large part of the 
deep-mine hoists recently installed in Europe and South Africa, 
and the results obtained are such that many of the existing 
steam-hoists are being replaced by electric hoists, this exten- 
sive application of the electric motors throughout Europe and 
South Africa being sufficient testimony of their suitability for 
meeting conditions incident to the deep-mine hoists. 

For the assistance of those who wish to investigate their 
hoisting-problems, I give the following brief discussion of the 
thermodynamics of the compressed-air engine. For a discus- 
sion of the various electrical systems of hoisting, and the method 
of calculating hoist-diagrams, the reader is referred to the paper, 
Electric Mine-Hoists, by D. B. Rushmore and K. A. Pauly.^ 

Air-Gonsum;ption of Com^pressed-Air Ungines , — The expansion 
of the air in the cylinder of a reciprocating-engine follows 
approximately the adiabatic law, which, expressed algebrai- 
cally, is : 


^ Trans., xli., 58 to 119 (1911). 
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Where and Pg are the initial and final absolute pressures. 
Vj and Vg are the initial and final volumes, 
k = 1.41. 

On the assumption that the expansion of the air in the 
cylinders follows the adiabatic law exactly, and that there is 
no rounding of the corners of the indicator-diagram due to 
friction and the wire-drawing in the ports during admission 
and cut-off, exhausting before engine has completed its stroke, 
and the compression due to early closing of exhaust-port, and 
that the back-pressure on the piston is constant throughout the 
stroke and equal to the external pressure against which the 
engine exhausts, we obtain the following relation between the 
mean effective pressure and the engine cu1>off : 

M.E.P. = a Pj 

Where a = cut-off expressed in fraction of stroke. 

V and p = volume and absolute pressure at any part 
of the stroke beyond the point of 
cut-off. 

Pj = the absolute pressure at admission. 

Pb = the absolute pressure against which the engine 
exhausts. 

From this equation we obtain the curves shown in Fig. 3, 
which give the mean effective pressures at various cut-offs for 
an engine taking air at 60, 100, 125, and 150 lb., and exhaust- 
ing against atmospheric pressure. 

Whenever reference is made to atmospheric pressure in this 
paper it should be understood to mean 14.7 lb. absolute, and 
except as otherwise stated, pressures are given as gauge- 
pressures. 

Engines built commercially have a small clearance-space at 
each end of the cylinder, the effect of which on the operation 
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of the engine is two-fold. The mean effective pressure is 
higher than that corresponding to the cut-off as given by the 
curves in Fig. 8, and may be obtained from equation (3). 

(M.E.P.)j = (M.E.P.) X (1 + c) — c (P, — P,) (8.) 

Where (M.E.P.) = mean effective pressure from Fig. 8, 
corresponding to equivalent cut-off. 
e = clearance-space (at one end of the 
cylinder) expressed as fraction of 
stroke. 

When L = cut-off expressed as fraction of stroke, equivalent 
cut-off = 

1 — c 

Assuming 3 per cent, clearance, we obtain : 


Cut-Off. 

Equivalent Cut-Off. 

0.05 

0.0777 

0.10 

0.126 

0.15 

0.175 

0.26 

0.272 

0.50 

0.515 

0.75 

0.757 

1.00 

1.000 


Further, the effect of the clearance-space is to reduce the 
efficiency of the engine by an amount depending on the cut-off, 
the maximum reduction occurring when air is taken during 
full stroke, the reduction becoming zero for a cut-off which 
allows the air to expand to atmospheric pressure before ex- 
hausting. 

As pointed out, the mean effective pressures given by curves 
in Fig. 3 are based on the assumption that the back-pressure 
(Pb) on the engine-piston is constant and equal to the external 
pressure against which the engine exhausts. This is not 
strictly correct. When the expansion is such as to reduce the 
pressure of the air in the cylinder to atmospheric pressure, a 
back-pressure (Pb) of from 1 to 2 lb. is necessary to force the 
air out of the cylinder against the friction in the exhaust-ports 
and piping, and for longer cut-offs, the mean back-pressure 
increases with the cut-off. The mean effective pressure is fur- 
ther reduced by the opening and closing of the exhaustport 
before the end of the stroke. 
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The true mean effective pressure (M.E.P.)^ may be obtained 
from that given by equation (3) by multiplying it by a constant, 
depending upon the type of the engine and the euboftl Eor 
ordinary non- condensing hoisting-engines, this constant is ap- 
proximately 0.9. 

The curves in Fig. 4 give the true mean effective pressures 
for various admission-pressures and cut-offs. 

The air consumed per indicated horse-power-hour may be 
found from equation (4). 



Fig. S. — Mean Eepective Psessure at Vabious Cdt-Ofes. 

Q _ g3,000 X 60 X (a -f c) . 

“ (M.E.P.)2 X 144 ^ ' 

Where Q = cubic feet of air at admission-pressure, 
a = cut-off expressed as fraction of stroke, 
c = clearance expressed as a fraction of the stroke. 

(M.E.P.)j = true mean effective pressure. 

The values of Q for various cut-offs and pressures, assum- 
ing 3 per cent, clearance, are shown in Fig. 6. 

The air consumed per brake horse-power-hour may be 
obtained from equation (4) by correcting Q for the mechani- 
cal efficiency of the engine. 
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Because of the low pressure-range for which air-engines 
must be designed, they are considerably larger than steam- 
engines of the same output and are, therefore, of considerably 
lower efficiency, this being of special importance in the case of 
hoisting-engines, as the torque required for hoisting in balance 
at full speed is usually small as compared with that required 
for acceleration and hoisting unbalanced, for which the engine 
must be designed. 

As it is customary to express volumes of air in terms of cubic 
feet of free air (atmospheric pressure), equation (5) is given, 
by which the air consumed, at any temperature and pressure, 
may be reduced to this basis. 

Q P-W7 

Cubic feet of free air at 82° F. = 491 (6.) 

■^2 

Where P = the absolute pressure of the air (expressed in 
atmospheres.) 

Q = the cubic feet of air at pressure P. 

Tj = the absolute temperature, Fahrenheit, of the 
air at pressure P. 

Power Bequired to Compress Air . — ^Without entering into a 
discussion of the advantages of single- and multi-stage compres- 
sion, it will suffice to say that where the air cools off before it 
is used, it is more economical to compress it isothermally than 
adiabatically. It is not practical, however, to compress air 
isothermally, but by dividing the compression into two or 
three stages, depending on the pressure, it is possible to reduce 
the power required for compression considerably beyond that 
required for single-stage compression. For pressures met with 
in hoisting, it is customary to compress in two stages. The 
power required for the two-stage compression may be taken as 
approximately the mean between that for adiabatic and for 
isothermal compression. 

It follows from equation (1) that the theoretical power re- 
quired to compress 1 cu. ft. of air adiabatically to various 
pressures is expressed by the, equation (6). 
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f /r*Vi /P\ 

Horse-power-hours = B -I y pdv + 


= B 






Where Pj and = initial and final absolute pressures, 
k = 1.41. 

B = 0.0000727. 

Vj and Tj = the volume at the beginning and end 
of compression. 

For isothermal compression, Pj Vj = p^ v^, from which it 
follows that the theoretical energy required to compress 1 cu. 
ft. of air to any pressure may be obtained from equation (7). 

Horse-power-hours = By pdv 

= - B P, log, II (7.) 

•I- *> 


Assuming the compressor to draw from air at atmospheric 
pressure, the power required to produce 1,000 cu. ft. of air at 
various pressures may be obtained by equation (8) for adiabatic 
compression and equation (9) for isothermal compression. 


Horse-power-hours = °,0727 


14_7) .709 


\ .709 \ 

}_ 14 . 7 ) 


( 8 .) 


Horse-power-hours = 1.067 



709 14.7 

Logs-— 


(9.) 


Equations (8) and (9) are shown graphically by the curves of 
Fig. 6, which also includes a similar curve for the two-stage 
compression. 

The values obtained from equations (8) and (9) and from 
the curves of Fig. 6 must be corrected for losses in the com- 
pressor by multiplying them by a constant which is the recip- 
rocal of the product of the mechanical efficiency of the com- 
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pressor and the efficiency of compression referred to the 
adiabatic. There is a further loss in compressing air, which 
may amount to 2 or 8 per cent., due to the moisture contained 
in the air. 

If the temperature of the air before compression differs from 
32° F., the values obtained from Fig. 6 must be corrected by 
multiplying them by a constant given in Table V. for various 
temperatures of the air entering the compressor. 


Table V. — Constant for Various lemperatures of Air Entering 

Compressor, 


Temperature 

Adiabatic 

Two-Stage 

Fahrenheit 

Degrees. 

Compression. 

Compression. 

— 30 

0.88 

0.94 

— 15 

0.91 

0.95 

0 

0.94 

0.97 

15 

0.97 

0.98 

32 

1.00 

1.00 

45 

1.03 

1.01 

60 

1.06 

1.03 

75 

1.09 

1.04 

90 

1.12 

1.06 


Curves of mean effective pressure, power required to com- 
press air, etc., have not been given for the closed-air system, as 
a complete set of curves would be required for each pair of 
limiting pressures. Curves may be calculated from the pre- 
ceding equations by substituting in them the proper values for 
P, and P,. 

Practical Limitations in Air-Pressure, — When air is com- 
pressed or expanded adiabatically, its temperature is raised or 
lowered, the relation between the pressure and temperature 
being expressed by equation (10). 


k 



Where P^ and T^^ == initial absolute pressure and tempera- 
ture respectively. 

Pg and Tg = final absolute pressure and temperar- 
ture respectively, 
k = 1.41. 
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AIR-PRESSURE (GAUGE) 

Fig. 6. — Power Required to Produce 1,000 cu. ft. of Air 
AT Various Pressures. The air is measured at tempera- 
tures corresponding to pressures as shown in Fig. 7. 
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AIR-PRESSURE (GAUGE) 

Fig. 7. — Relation Between Pressure and Temperature of Air. 
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Fig. 7 is a graphical representation of equation (10) and 
gives the temperature to which air will be raised by compress- 
ing it adiabatically from atmospheric pressure at 32® F. to the 
pressures given or the temperatures to which the compressed 
air must be heated, if after expanding adiabatically to atmos- 
pheric pressure its temperature is 32® F. 

'Now it is essential to the operation of compressed-air engines 
that the temperature at exhaust be kept above 32® F. in order 
to prevent the freezing of the moisture which is always con- 
tained in the air, unless special precautions are taken to re- 
move it. Therefore, the temperature to which the air should 
be heated before being admitted to the engine varies with the 
pressure and the degree of expansion, that is, the cut-off, and 
where the cut-off varies as it does during a hoisting-cycle, 
satisfactory results will usually be obtained if the temperature 
of the air at admission is made such that after expansion to 
atmospheric pressure its temperature will be 32® F. It has 
been found by experience that with reciprocating-engines of 
the type commonly used for hoisting, the temperature of the 
steam or air at admission cannot exceed from 400° to 450® F. 
without causing trouble, due to the effect of the high tempera- 
ture on the cylinder-lubricant. Therefore, the curve of Fig. 7 
shows that the operating-pressure of the air is practically 
limited to 90 lb. gauge where the engine exhausts directly into 
the atmosphere. This limitation in pressure is a serious 
handicap to the air-system, because of its effect on the size and 
first-cost of the engine, compressor, piping, etc. 

Reheating the Air , — ^Under practical operating-conditions, 
where air is stored in large receivers, and transmitted for con- 
siderable distances, all or practically all of the heat which the 
air contains when leaving the compressor is lost by radiation. 
But before admission to the engine, as previously pointed out, 
the temperature of the air must be raised to approximately 
that corresponding to its temperature after adiabatic compres- 
sion. The amount of heat which must be given to the air to 
raise its temperature is expressed by equation (11). 

B.tu. = s (T^ — T,) (11.) 

Where s = specific heat of air at constant pressure = 0.2375. 

Tj and T^ = initial and final absolute temperatures in degrees 
Fahrenheit. 



560 BLECTKIC MOTORS TBESUS COMPRESSED-AIR ENGINES. 


Three distinct types of reheaters have been proposed : 1, 
those in which the fuel is burned directly in the compressed 
air; 2, those in which the heat is applied externally, as by 
carrying the air through pipes over a furnace; and 8, those in 
which the heat is applied by injecting superheated steam into 
the air. The first and second methods are open to the objection 
that, with an engine operating on an intermittent load, the air 
may become overheated during periods when the engine is 
idle, unless automatic means, only applicable with certain 
kinds of fuel, are used to regulate its temperature. The third 
method is the least efficient, but it is not open to the objections of 
the first two types. The thermal efficiency of the first type may 
be made 90 per cent, or better, but it is questionable whether 
the efficiency of the second and third types exceeds 50 per 
cent, under actual operating-conditions. Knowing the thermal 
value of the fuel to be used for reheating, the quantity may be 
obtained by the use of equation (11), making the proper correc- 
tion for the efficiency of the reheater. 

Distribution of Compressed Air . — In addition to the loss by 
radiation of a part of the heat generated in the air by com- 
pression, there is a loss due to the frictional resistance to the 
passage of the air through the pipes, which loss appears as a 
drop in pressure. This drop in pressure due to frictional re- 
sistance may be determined^from the equation developed by J. 
E. Johnson, Jr.* 



Where Pj = the absolute initial pressure in pounds. 

Pj = the absolute terminal pressure in pounds. 

V = the equivalent, in cubic feet of free air per 
minute, of the volume of air passing through 
the pipe. 

L = length of pipe in feet 
I) = diameter of pipe in inches. 

® Anmean MwUnist, vol. xxii., No. 26, p. 686 (July 27, 1899.) 
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Mine-Rescue Service of the State of Illinois. 

BY H. H. STOEK, URBANA, ILL 
(Wilkes-Barre Meeting, June, 1911.) 

The origin of the Mine-Rescue Service of the State of Illinois 
can be traced to two distinct sources, the work of the Rescue 
Station at TJrhana and the Cherry disaster. 

During the early part of the year 1909, the Technologic 
Branch of the TJ. S. Geological Survey, now the Bureau of 
Mines, in connection with the Illinois Geological Survey and 
the College of Engineering of the University of Illinois, estab- 
lished at the University of Illinois, in Urbana, a branch rescue- 
station to supplement the work of the Pittsburg station of the 
Geological Survey. As a result of the work of training at the 
station in Urbana by R. Y. Williams, mining engineer, and 
James Webb, foreman of the Bureau of Mines, and the use 
of the helmets at several mine-accidents in the State of Illinois, 
the people of the State were somewhat familiar with oxygen- 
helmets when the Chetry disaster occurred, in November, 1910. 
The oxygen-helmets were successfully used in connection with 
that disaster, and upon the recommendation of the Illinois 
Mining Investigation Commission, the Legislature of the State, 
assembled in special session during the winter of 1910, passed 
a bill appropriating $76,000 for the erection and maintenance 
of three rescue-stations, stipulating that they should be situated 
in the northern, central, and southern parts of the State. The 
Act also provided that the stations should be in charge of a 
Commission of seven, two representing the United Mine 
Workers of Illinois, two the mine-operators, one the Federal 
Bureau of Mines, one the State mine-inspectors, and one the 
Department of Mining Engineering of the University of 
Illinois. 

This Commission was called together by the Governor of the 
State, Aug. 2, 1910, and since that time three stations have 
been placed, built, and equipped : at La Salle for the northern 
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part of the State, at Springfield for the central, and at Benton 
for the southern part of the State. Men are now being trained 
at these stations in the use of oxygen rescue-apparatus, and in 
rendering first aid to the injured. 

Deserif tion of Buildings . — The station buildings were designed 
and built under the direction of the State Architect, after 
sketches furnished by the Commission. As the three stations 
were built from the same plans, a description of one building 
will suffice. Big. 1 shows the Springfield Station and the three 
rescue-cars, before the ground about the building was graded 
and trees planted. 

The foundations are of solid concrete. The walls of the 
building are of timber covered on the outside with metal lath 
coated with two coats of plaster throughout. The extreme 
dimensions are 61.5 by 87 ft. The height to the peak of the 
roof is 29.5 feet. 

Figs. 2 and 8 show the floor-plans. The front part of the 
building has two floors and contains the living-apartments, 
office, and workshop. The rear portion contains the training- 
chamber, which is one story in height. 

The basement contains a store-room, coal-room, and furnace- 
room, and has a concrete floor and finished concrete walls 
throughout. 

On the first floor, at the left of the entrance, is the office of 
the superintendent, in which there is a large closet for the 
storage of maps. Back of the office is a hallway leading to the 
dining-room, which also serves as a general living-room. Off 
of this hall is a closet and toilet. Back of the dining-room is 
the kitchen, off which is a commodious pantry and a rear en- 
trance. From the front entrance a hallway leads to the train- 
ing-chamber, and on the right of this hallway is a large room 
used for the storage of the helmet-equipment, oxygen-tanks, 
potash-cartridges, and other supplies. One end of the room is 
fitted up as a work-shop for the repairing of apparatus, and in 
this part are the appliances for the charging of the electric 
lamps used in connection with the helmets. 

The second floor includes a dormitory, containing 12 white 
enameled iron beds. Adjoining the dormitory is a commodious 
toilet fitted with lockers, shower-baths, wash-bowls, and other 
toilet-facilities. There is also a bath-room on the second floor. 
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Fig. 1.— Springfield Station and Rescue-Cars. 
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Fig. 3. — Second- Floor Plan, Springfield Mine-Rescue Station. 
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Three rooms are available as bed-rooms for the family of the 
superintendent or for other purposes. A commodious linen- 
closet, an attic over the front part of the building and over the 
training-chamber, and the cellar give ample storage-space. 

The building is well lighted with electricity and thoroughly 
ventilated by means of numerous well-placed windows. It is 
finished throughout in natural wood stained a dark color, and 
presents an excellent appearance. 

The rescue training-chamber and lecture-hall occupy the 
rear of the first floor. The lecture- or observation-hall is a 
room 30 by 57 ft., lighted from above by skylights, but it can 
be darkened, when desired, by curtains over the skylights. 
The sides of the lecture-hall are of glass, thus giving a full 
view of the training* gallery which surrounds the lecture-hall 
on three sides. The lecture-hall seats about 100 persons, is 
well lighted, and is provided with a special lighting-switch, so 
that a stereopticon can be used for lecture-demonstration 
purposes. 

The training-gallery is an air-tight chamber in which sulphur 
can be burned, and in which training with the helmets and 
other rescue-apparatus is carried on. The right side of the 
gallery is 8 ft. wide and 10 ft. 4 in. high, and in this part there 
are placed a mine-track and a mine-car. The left side of the 
gallery is 6 ft. wide, and is divided horizontally into two parts, 
the lower part being 5 ft. 2 in. high and the upper 4 ft. 7 in. 
high. This division allows work to be carried on in restricted 
quarters, and the upper part also serves as an over-cast. In 
the lower part a pile of rock has been placed to represent a 
fall, and at one end is a toilet. The mine-track from the right 
side extends across the end, and there is also a tunnel through 
which men wearing the helmets crawl as part of the training. 

Cost — The entire cost of each building was approximately 
$10,000, exclusive of ground, which was donated in each city 
by the citizens. About each building is a commodious lot 
which contains a side-track for the rescue-car, and also affords 
space for a garden for the superintendent of the station. 

JRescue-Cars . — At each of the stations there is a rescue-car 
for use in transporting appliances to the scene of an accident. 
It is also fitted up so that a rescue-party may have a comfort- 
able place in which to stay at the scene of the accident. Two 
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of these cars, completely equipped, were donated to the State, 
one by the Chicago, Milwaukee & St. Paul railroad, the other 
by the Chicago & Northwestern railway. The third car was 
purchased from the Pullman Co., and was refitted at the shops 
of the Toledo, Peoria & "Western railroad in Peoria, 111. 

The cars are Pullmans, and as the arrangement of the three 
cars is practically the same, the accompanying description of 
Car No. 3 will serve also for the others. 

One end of the car is occupied by the heater, coal-box, and 
the locker for linen, and on the opposite side of the aisle is the 
toilet. 

Three double-compartment berths on each side of the car 
will accommodate 12 persons, sleeping singly. The kitchen is 
fitted with stove, sink, and pantry, and an ice-box is beneath 
the car. The state-room, intended as an ofidce for the manager 
or whoever is in charge of the rescue-work at the mine, con- 
tains a double berth, a desk, and a small toilet. 

The end of the car used for storing the rescue-apparatus 
may also be used for demonstration purposes, but the space is 
small, and it is preferable to demonstrate the use of the appar 
ratus outside the car, or in a suitable room. In one corner are 
three oxygen-tanks connected to a pump. On the opposite 
side is a storage-rack for seven additional oxygen-tanks. In 
one corner is a coal-box and in the other a locker for the pul- 
motor, first-aid supplies, and other small articles, and for the 
storage of potash-cartridges. The helmets are hung by hooks 
fi:om the ceiling of the car, and, to prevent them from swing- 
ing, there is a strap that goes to the floor and is caught into 
a ring by a snap-hook when not in use. The helmets are cov- 
ered by a canvas cover to protect them from dirt. 

HelmeirJEqW'pmmt . — ^Bach station now has ten helmets of the 
Draeger, Westphalia, and Fleuss types, and at least five more 
will be added in the near future. Whether or not any one 
form will be adopted as a standard cannot be stated at this 
time; probably not; but even if this should be done, examples 
of other types that are in common use will be maintained at 
each station for purposes of demonstration. 

A systematic account is being kept of the cost of operation 
and maintenance of the different types of apparatus used at 
each of the stations, but sufiS.cient time has not yet elapsed to 
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establish reliable figures of cost. Since in training large num- 
bers of men the cost of maintaining and operating a helmet is a 
much more serious item than the original cost of the helmet- 
outfit, the type of apparatus ultimately adopted for training will 
no doubt depend largely upon the cost of operation as deter- 
mined by experiments now being made. 

Each station has an adequate equipment of ordinary and 
electric safety-lamps, two pulmotors for resuscitation, 20 oxygen- 
tanks, each of 100 cu. ft, capacity, and two oxygen-pumps, one 
being kept at the station and one in the rescue-car, so that 
there is always a spare pump. 

Each station is equipped with a small library of mining- 
books, the leading mining-magazines, and with a stereopticon. 
By co-operation with the mining department of the University 
of Illinois, lantern-slides have been furnished illustrating rescue- 
and first-aid work, the dangers of mining, and various other 
topics. 

Each station has a complete equipment of supplies, charts, 
etc., as furnished by the First-Aid Department of the National 
Red Cross Society, and in the training of men first aid is of 
equal importance with helmet^work. 

Station Staff . — According to the law establishing the Commis- 
sion, the three stations are in direct charge of a manager ap- 
pointed by the Mine Reseue Station Commission. Each sta- 
tion is in charge of a superintendent and an assistant. The 
salaries provided by law are as follows : 

Manager, $3,000 per year. 

Superintendent, $125 per month. 

Assistant, $75 per month. 

An amendment appropriating money for the maintenance of 
the stations during the two years ending June 30, 1913, gives 
the Commission authority to employ such additional occasional 
assistants as may be needed for the operation of the cars, and 
for the payment of lecturers on first aid and other technical 
subjects. 

The superintendents and assistants were selected after a pre- 
liminary competitive test and examination held at Springfield. 
Those who passed the preliminary examination spent several 
months at the Urbana station receiving training in rescue-work 

VOL. XLIl.— 33 
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and taking lectures in general mining subjects, the lectures 
being furnished by the staft^ of the Department of Mining En- 
gineering, the State Geological Survey, and the members of 
the Federal Bureau of Mines located in Urbana. The men 
finally selected as superintendents and assistants were also 
given a period of training at the Pittsburg station of the Fed- 
eral Bureau of Mines. 

Training . — Any men, who apply to the station individually 
or who are sent there by their employers, are given a course of 
training with oxygen-helmets, in the use of oxygen reviving- 
apparatus, such as the pulmotor, and in first aid. When they 
show that they are familiar with the operation of the apparatus 
and can perform within a period of two hours the following 
tasks, they are granted certificates as members of the Illinois 
Mine Eescue Corps. A distinctive button is also awarded. 

The tasks included in the two-hour test are : 

1. Eight complete trips around gallery on ground floor. 

2. Ten trips over over-cast. 

3. Each man carries 25 bricks over over-cast. 

4. Crawl through tunnel three times. 

5. Carry four props over over-cast. 

6. Saw two props. 

7. Set five props and knock them out. 

8. Hang canvas, take down and fold up. 

9. Pull weight 60 times. 

10. Two men carry dummy once around gallery, lifting 
dummy over car. 

11. Two men push car once around gallery. 

12. Eight complete trips around gallery on ground floor. 

The time of training varies from one to two weeks, depend- 
ing upon whether the men devote all their time to the training 
and live in the station during the period of training, or come 
to the station from adjacent mines, and devote only such time 
as they have from their regular duties. Ho charge is made 
for the training, and, if they desire, 12 men at a time can be 
lodged in the dormitory free of charge. The superintendent 
has the privilege of running a boarding-table for which those- 
in training pay, or they can board outside the station if they 
prefer. 

The mining-law passed by the Legislature recently ad- 



ANCIENT GOLB-EIELDS IN TURKEY. 


569 


jonrned provides that a map of each mine in the State shall be 
filed with the Manager of the Rescue Stations, and these will 
be kept at each station for the mines in the territory contigu- 
ous to the station, so that in case of an accident the rescue- 
party going from the station can study the map while en route. 

The same law provides that candidates for the positions of 
mine-inspector and mine-manager must pass an examination in 
rescue and first-aid methods. 

Although the stations have been equipped and in operation 
only a few months, both the operators and the miners of the 
State have shown their willingness to co-operate in every possible 
way with the Rescue Commission, and the work promises to be 
a potent factor not only in case of accident, but as an educa- 
tional feature in combating the daily dangers of mining. 


History and Geology of Ancient Gold-Fields in Turkey. 

BY LEON nOMINIAN, NEW YORK, N. Y. 

(Wilkes-Barre Meeting, June, 1911.) 

I. Introduction. 

The lack of Aryan roots for the names of metals commonly 
known among the Aryan settlers of Asia Minor, as well as the 
later colonizers of Europe, indicates that these races were gen- 
erally ignorant of the use of metals until they came into contact 
with Semitic peoples. Practically all mining-terms in current 
use among the earliest Greeks resemble very strongly their 
distinctly Semitic equivalents, which can be traced all the way 
in a broad belt beginning in Lower Mesopotamia, and extend- 
ing westwardly to the Syrian shores of the Mediterranean. 
The Greek word ^^metallon,” for instance, used indiscrimi- 
nately to designate mine or ore, probably came from the earlier 
Semitic equivalent, matal,” Again, the Greek words chry- 
sos ” (gold) and chalkos ’’ (copper) seem to be descended from 
the Semitic forms chrouts ” and “ chalak.” It is a natural 
inference that primitive mining-methods were evolved by the 
dwellers in the mineralized areas of Asia Minor, from whom 
later Greek, Roman, and even North European miners ob- 
tained their first notions of the reduction of metallic ores, by 
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virtue of a general westward migration of mining and metal- 
lurgy. Some traces of its passage through Turkish territory 
will be noted in this paper. 

While European Turkey can boast of one ancient gold-field, 
the Asiatic dominions of the Sultan may lay claim to at least 
two well-defined and widely-separated gold-producing districts. 
These three regions may be distinguished as the Thracian, the 
Pontic, and the Anatolian gold-fields. 

II. Turkey in Europe. 

1. The Thradan Gold-Field. 

The most conspicuous topographic feature of the lowland 
between Constantinople and Salonica is the uplifted Archaean 



Fig. 1.— Sketch-Map op Eubopban Tubkbt, Showing thb Thbacian 

Gold-Field. 


mass known as the Ehodope mountains. This chain appears 
to be a southern prolongation of the boundary-defining Kara 
Balkan range, from which it extends with an approximately 
north-south trend until it almost dips into .^gean waters at 
the Gulf of Lagos. It forms the backbone of the Thracian 
metalliferous province, and is intimately related to gold-mining 
in the region. Starting from within its folds, that industry 
found a propitious field eastward up to the site of the placers 
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of the Hebrus river (the modern Maritza), mentioned by Pliny.* 
On the west, gold was won as far as the banks of the Strymon ^ 
(the modern Struma or Karasu). These two water-courses give 
fairly accurate east-and-west boundaries of this important dis- 
trict on the mainland. The island of Thasos, lying west of the 
Rhodope mountains, to which it is petrologically related, also 
belongs to this same metalliferous province. Pig. 1 is a sketch- 
map of Turkey in Europe, showing the Thracian gold-field. 

-The Thracian coast consists of highly-metamorphosed pre- 
Eocene formations® that appear to have been much dislocated, 
so that the general appearance is that of an archipelago of old 
rocks in the Eocene sea. The component rocks include mica- 
and hornblende-schists, crystalline limestones and marbles, 
gneisses and granites, and serpentines, upon all of which Ter- 
tiary deposits rest unconformably. 

The Phoenicians seem to have been the first to conduct 
organized mining-operations in this region. Yet there is no 
reason to doubt that the aboriginal Thracian tribes were 
acquainted with the values of the metals found in their subsoil, 
and it is likely that they led enterprising prospectors from the 
south more than once to the site of the mineral deposits, as 
Indians have shown quartz and other veins to the white man 
in the Par West. According to Greek mythological tales, min- 
ing was first undertaken on Mount Pangeum by Cadmus,^ who 
settled in Thrace while engaged in his search for Europa, who 
had been carried off by Jupiter. Lenormant® claims that 
Cadmus in this story represents Phoenician settlers who immi- 
grated into Thrace. The date of this beginning of what was 
destined to become a flourishing industry is set at 1594 B. 0. 
by Abb5 Barth elemy in Adacharsis.’’® Other historians 
place it at as much as a hundred years later ; but whatever be 
the true date, there is no doubt of the colonization of the dis- 
trict by Phoenician immigrants, of whom a constant procession 


^ Book xxxiii.,' chap. 21. 

® J. Malcolm Maclaren, Ooldy p. 160 (London, 1908). 

* Quarterly Journal of the Oeoloyical Society , vol. lx., No. 239, p. 243 (Ang., 
1904). 

* Diodorus Siculus, Book y., chap. 48. 

® Premium Oivilisations, vol. ii., p. 321. 

® W. Jacob, An Historical Inquiry into the Production and Consumption of Precious 
Metals, p. 41, footnote 
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from the southeastern shores of the Mediterranean was persist- 
ently wending its way northward. 

The exact location of Mount Pangeum has not been estab- 
lished; but it is known to be in the range running parallel to 
the coast between the valley of Anghista or eastern portion of 
the valley of Series and the high road from Orfano and Pra- 
vista.^ It has been called Punar Dagh on some maps, and the 
old mine-workings are supposed to have been found on the 
Pilaf Tepe peak. The production of gold from this locality 
was large enough to give rise to various legends of the riches 
locked up within the bosom of these mountains. At the 
height of the power of the kings of Macedonia, shortly after 
400 B.C., it was the prevailing popular belief in this part of 
Thrace that gold extracted by the pick would immediately 
grow again like grass mowed by the scythe. 

It is not surprising that the possession of such gold-bearing 
lands was ardently coveted by rival Greek states. To mention 
but a single case, in 465 B.C., the Thracians revolted from the 
maritime confederacy headed by Athens, on account of a 
quarrel concerning the Thracian gold-mines, with the Athenian 
settlers at Eion, on the Strymon.® At that time the Thracians 
were actively working their own mines, although, according to 
Herodotus,^ these were beginning to show signs of exhaustion. 
It is therefore highly probable that they were spurred on to 
investigate the possibilities of the adjoining mainland, and that 
in this pursuit, their interests clashed with those of others simi- 
larly occupied. At all events, the Thracians figure as the prin- 
cipal owners of the mines around Datum, a very important 
mining-town near the coast, and once an opulent city, thanks 
to the wealth which its inhabitants derived from the ownership 
of the gold-mines. 

Another known locality of similar industrial activity lies 
north of Datum. It was called Orenidae at first, and Philippi 
subsequently. The last name survives to this day, marking 
the site of ruins which the traveler cannot fail to notice, almost 
halfway between the town of Drama and the sea-coast. Thra- 
cian and Athenian miners had settled in this vicinity in the 

Kawlinson's Herodotus, vol. iii., p. 219, footnote (London, 1880). 

* Phillip Smith, Ancimt History, vol. i., p. 457 London, 1893). 

® E. Lenormant, Premieres OmUsations, vol. ii., p. 331. 
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fifth century B.C., and for a while were very actively engaged 
in their craft. In 357 B.C., however, the only traces of foreign 
enterprise still discernible consisted of scattered abandoned 
workings. The mines had reverted to the Thracians, who had 
become effete through the distribution of wealth accumulated 
by their predecessors. Some time in that year, Philip, king 
of Macedonia, marching victoriously eastward, reached Amphi- 
polis, 30 miles west of Crenidse. His attention was directed to 
the mines, reports of the richness of which must have been still 
current. Probably in need of funds for the execution of his 
vast projects, the conquering sovereign did not disdain to in- 
vestigate the old workings for himself. He descended under- 
ground/® and supervised in person by dim torch-light the 
cleaning out and unwatering of the “ canals (drifts). Canal 
is the term used by the Scotch historian, probably to conform 
to the Latin texts available to him. Pliny, throughout his 
Natural History^ uses the same term to represent underground 
workings. Thanks to the royal initiative, the mines were soon 
after placed on a producing basis and the bosom of the earth 
was again opened and ransacked with avidity ’’ — according to 
the Scotch Historian Royal, who relies for the substance of his 
account on the text of Seneca.^^ It was in commemoration of 
this industrial revival that the town was henceforth called 
Philippi. The bulk of the gold extracted was coined on the 
spot, to the amount of nearly 1,000 talents (about |1,000,000), 
annually, into the now exceedingly scarce Macedonian gold- 
pieces known to numismatists as Philippic.^’ This was in 
those days an enormous sum, having a purchasing-power far 
greater then than now. It bears witness to the great enterprise 
and activity of the Macedonians, and may also be considered as 
a proof of the relatively large area that must have been included 
in the workings, since, with the methods of extraction then in 
vogue, vertical depths exceeding 300 ft. must have been at- 
tained with considerable difficulty, if at all. 

It is impossible to determine the length of the period of 
active mining-operations, after this Macedonian revival of the in- 
dustry. But it seems very unlikely that Alexander should not 

Gillies, And&nt History of Ch'eece^ vol. iv., p. 33. 

Gillies, loe. dt 

Diodorus Siculus, Book xvi., chap. 8. 




574 


ANCIENT GOLD-FIELDS IN TURKEY. 


have followed in Ms father’s footsteps, in fostering the indus- 
trial expansion of his empire ; and we may safely assume that 
the mining-camp of Philippi continued to flourish for about a 
couple of decades, at least, during the hey-day of Macedonian 
supremacy. Two centuries later, after the battle of Pydus, and 
the defeat of Perses (about 168 B.C.), the region passed into 
Eoman hands, and contributed its share to the periodical re- 
plenishment of the Eoman treasury. 

In Byzantine times, these gold-mines, lying at the very door 
of the capital, could hardly have been overlooked by the wide- 
awake engineers of the Eastern Empire, whose knowledge and 
skill were unsurpassed in their age. When, in the third cen- 
tury A.D., Eome’s universal but waning power, vested in Con- 
stantinople, made that the first city of the world, the gold- 
mines of Thrace were still furnishing large supplies of gold. 
Indeed, from that time to a period in the twelfth century, when 
Europe was deep in the gloom of the Dark Ages, it was the 
part of civilized Byzantium to provide a large part of the gold 
currency of the world, through a continuous supply of Byzan- 
tine gold coins, which found their way to the northernmost 
regions of the continent. 

Pour centuries later, and about 8,000 years after this cele- 
brated gold-field was first exploited, it happened to be visited 
by Dr. Belon, of Paris, a physician of Francis L This was 
at the zenith of the power of the Ottoman Empire, when 
French statesmen were hobnobbing with their Turkish col- 
leagues under Sultan Suleyman the Magnificent. The doctor, 
who was an expert in mineralogy, examined the Thracian dis- 
trict in 1646 and 1549,^® and says of it : 

These mines yield so much gold and silyer that the Emperor of Turkey draws 
from them 1,800 ducats a month, and in some months this sum attains 3,000 ducats. 
Within the last fifteen years the production has declined, and the duties to the 
Emperor have not exceeded 1,400 ducats. The persons who carried on the opera- 
tions had formerly enriched themselves more than they were thought to do at 
present.’^ 

From his reports it appears that the mines were located on 
the side of a mountain in the vicinity of the village of Sidero- 

Jacob, loc, ciUi p. 76. 

Finlay, History of Greece, vol. i., pp. 78, 167 (Oxford, 1877). 

Jacob, Zoo. cit, p. 132. 

M. Gobet, Les anciens miniralogistes du Boymme de France, vol. i., p. 63. 
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kapso, where he found conditions similar to those which he 
had observed at Joachimsthal in Bohemia. The presence of a 
large number of miners, and the consequent opportunity for 
trade of many kinds, had drawn a motley gathering from all 
lands. His enumeration of the various nationalities assembled 
in that mining-camp vividly reminds us of the various races 
encountered to-day in any camp out West.^’ For their 
methods of mining, however, the natives had drawn on the 
Germans, in whose language the technical terms of operations, 
as well as the names of tools, were currently expressed. 

2. The Island of Thasos. 

Facing this highly-productive area on the mainland, the 
pile of primary rocks constituting the island of Thasos emerges 
out of the ^gean sea. The significant appellation of Chrysay 
(the Golden), bestowed upon it by the ancient Greeks,^^ shows 
that the fortuitous intervention of watery expanse in no wise 
impaired the felicitous similarity of its physical features to 
those prevailing on the opposite shore. 

According to Be Launay,^® who has thoroughly investigated 
the geology of the -^gean archipelago, the island consists in the 
main of an extensive HW-SE. anticline of metamorphic beds 
stretching from the hamlet of Easavithi on its western coast to 
the islet of Kynira on the east. These masses of primary rocks 
make up exclusively a complex of metamorphic schists, includ- 
ing gneisses, mica-schists, and amphibolites, with intercalated 
strata of crystalline limestones and marbles. Such rocks are 
characteristic of the JBgean region both on the European and 
the Asiatic shores. The metamorphosed strata strike almost 
due E. and W., and are very frequently horizontal. Here and 
there, occasional layers of recent conglomerates cap the older 
rocks. 

By reason of the variety of minerals occurring on this island, 
the Thracians were famous as miners throughout antiquity. 
These natural resources also acted as a powerful incentive to 
the colonization of Thasos, as early as at least fifteen centuries 
before the Christian era, by th’e fortune-seeking Phoenicians.^® 


Arrian, Fragmenta, 67. 

Annales des Mines, Ninth. Series, vol. xiii., p. 227 (1898). 
G. Rawlinson, Pheneeia, p. 60 (New York, 1880). 
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Towards the beginning of the 5th century B.C., Herodotus’s 
travels had taken him to the island, where he found that min- 
ing w'as the chief industry of the natives. Indeed, the enter- 
prising islanders had, by this time, extended their operations 
to the equally rich adjoining I'egions on the mainland, as de- 
scribed above. Their annual revenue from mining amounted 
to 200 talents (about $240,000) in lean years, and 300 talents 
(about $860,000) in years of prosperity About one-fiftieth 
of these totals was yielded by their holdings in Thrace proper. 
Concerning the mines in the island, the Father of History says : 

I myself have seen the mines in question ; by far the most curious are those 
which the Phoenicians discovered at the time when they went with Thasos and 
colonized the island, which afterwards took its name from his. These Phoenician 
workings are in Thasos itself, between Csenyra and a place called -d^nyra over 
against Sainothrace ; a huge mountain has been turned upside down in the search 
for ores.^' 

This remarkable description seems to I'eave no doubt as to 
the exact location of these mines.®^ Yet it was impossible for 
DeLaunay® to detect any traces of ancient workings at the 
alleged site. On the other hand, he discovered ample evidence 
of considerable ancient labor near the hamlet of Kakiracki, 
built on the diametrically opposite shore. At this point, old 
slags had been damped into the neighboring gulches, often fill- 
ing them entirely, particularly where they lead to Sotiro. The 
nnusnally large volume of these old dumps indicated the prox- 
imity of extensive workings and their prolonged exploitation. 

The inference from these two sets of observations is that two 
distinct periods of mining activity mnst have prevailed at dif- 
ferent places in Thasos, and that all the superficial manifestar 
tions of the earlier, which obviously must be the one referred 
to by Herodotus, in the passage quoted above, became com- 
pletely obliterated in the course of time. It should also be 
noted that both sites correspond to homologous points on the 
anticline, and that mineralization of the one would, all things 
being otherwise equal, warrant the assumption of a similar 
phenomenon at the location of the other. These facts, coupled 

Herodotus, Book vi., chap. 46. 

Ibid.j chap 47. 

This locality is probably the one called at present Kynira ; it is an islet lying 
east of Thasos and facing Samothrace. 

Zoc. ciU 
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with our knowledge of events in Thrace, enable us to recon- 
struct the story as follows : 

At some time before the 16th century B.C., Phcenieian ex- 
plorers, sailing from the southeast, landed in Thasos at a point 
near Kynira, where the outcrops of the pyritic bodies (seen by 
De Launay) attracted their attention. That such outcrops 
might be auriferous is entirely in harmony with our present 
knowledge of this class of deposits ; and the gold-hearing zone 
need not necessarily be confined to the mere outcrops but might 
comprise all the oxidized upper levels of the ore-body. The 
recovery of the metal would be effected mainly by means of 
washing and panning, although amalgamation also might have 
been employed occasionally, since it is now known that the 
properties of mercury in this connection had not escaped the 
attention of the ancient gold-seekers.^^ After the working of 
the upper levels at Kynira, and probably before any attempt 
had been made to invade the mainland, the surface of the 
island was minutely explored, and the deposit lying on its 
western coast was discovered and likewise made to yield its 
precious contents. The slags observed by De Launay indicate 
the use, in this district, of other metallurgical processes. 

Another site of ancient exploitation is known to have ex- 
isted north of Thasos, in the small island of Thassopoulos, 
known in the days of Herodotus as Seapte-Hyla. The annual 
revenue of its mines in 492 B.O. amounted to 80 talents 
(about $100,000). One of the eminent owners of mines in this 
locality was the wife of Thucydides,^® whose wealth may have 
enabled him to devote himself to study and literary labor. 

Such is the partial record of a region, characterized by the 
resumption of profitable mining-operations at various intervals 
during nearly forty centuries. Undoubtedly much might be 
added by more learned and leisurely compilers to this imper- 
fect, yet, I trust, suggestive outline. Researches into the in- 
dustrial activity of former generations are not always totally 
devoid of economic value to the modern engineer. While 
many of the principles actuating ancient technical practice 
have now become obsolete, it may be questioned whether the 


Pliny, Book xxxiii., chap. 22. 
Herodotus, Bookvi., chap. 46. 
Marcellin, Vxim Thueydide^ p. 9. 
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faculty of reasoning upon available data and of dealing with 
immediate conditions has been notably increased ; and the an- 
cients, judged according to their light and their tools, may 
still be worthy of our study and our respect. 

ISTo work of importance has been attempted on the mainland 
section of this gold-field within recent years. It is interesting 
to note, however, that the island of Thasos has now become a 
zinc-producer. The annual production of calamine from mines 
owned by the Metallgesellschaft of Frankfort amounts to 30,000 
metric tons.^^ ‘Whether a similar change in the metal-produc- 
tion of the mainland deposits will hold true, remains to be de- 
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Fig. 2.— Sketch-Map of Asiatic Turkey, Showing the Anatolian and 
Pontic G-old-Fields. 


termined by future observers ; but it is quite possible, in 
accordance with anologies, that the future gold-production of 
these ore-bodies may not be again as abundant as it has been 
in the past. 

III. Asiatic Turkey, 

Three major folded arcs, forming as many independent 
chains of lofty peaks, fringe the wave-battered shores of Asia 
Minor, and, encircling, rim-like, its elevated barren plateaus, 
determine the trend-lines of the structure of this westernmost 
projection of the Asiatic continent. Within the mighty folds 

27 Private correspondence. Leon Dominian. 

E. Nauman, Geographisehe Zeitschrift^ vol. ii., pp. 7 to 25 (1896) . 
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of each, occurs an auriferous zone, genetically related to 
copious lava-flows of comparatively recent origin, detailed 
studies of which are yet to be made. 

The Pontic gold-fleld lies in the most easterly, and the 
Anatolian gold-field in the most westerly, of these zones of dis- 
turbance, the eftects of which have been so far-reaching upon 
the development and history of the peninsula. A third gold- 
field, of altogether minor historical importance, lies on the 
slopes of the Tauric mountains, the most imposing of these 
three great uplifts. Fig. 2 is a sketch-map of Asiatic Turkey, 
showing the gold-fields. 

This occurrence, within the only zones where heavy moun- 
tain-making agencies have been at work, of the only known 
gold-producing areas in Asia Minor, can scarcely be regarded 
as a mere coincidence, though it would be hazardous, at this 
incipient stage of our knowledge of the geology of the region, 
to carry our generalizations too far. 

A glance at the early history of this tramping-ground of our 
Aryan forefathers gives the impression that the region was 
both better known and better appreciated by them than by its 
modern inhabitants. Fully 3,000 years ago, Asia Minor, as a 
human habitation, was already very old, and there flourished 
in certain portions of it a civilization as advanced, in many of 
its phases, as the later Roman culture ever was. 

Along with the recognition of the economic value of various 
ores, mining had assumed such importance as to have become 
the means of sustenance of numerous settlements scattered from 
the -^Egean coastland to the Persian Q-ulf. 'Within that terri- 
tory, empire after empire had risen to power, and passed into 
oblivion. Colonies of the vanished kingdoms of Summer and 
Akad, preceding the Babylonian empire itself, had flourished in 
the fifth millenium B.O. With the westward march of pro- 
gress, the Hittite power came into being ; and finally, the ten 
centuries immediately preceding the birth of Christ witnessed 
an unparalleled growth of civilization on the eastern shore of 
the ^gean sea. During this period Greek paganism evolved 
a highly-advanced organized life. In each of these successive 
stages of culture, the art of working ores was profitably carried 
on; the metals being respectively valued according to their 
relative abundance and usefulness, or commercial importance. 
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1. The Anatolian Gold-Field. 

This metalliferous province forms part of a geologic belt 
extending from the plains of Troy to the valley of the Pactolns, 
and slightly farther south, so as to include Mount Tmolus — 
the modern Boz Bagh. It contributed largely to the gold- 
output of proto-historic times, and, as might be naturally 
expected, it has been duly commemorated in various legends 
which have descended to us, together with the superabundant 
exaggerations with which ancient exploits were wont to be em- 
bellished. 

Its northeast portion was explored during antiquity in the 
vicinity of the jA.siatic shores of the Dardanelles. The abund- 
ance of gold jewelry found in the excavations on the site of the 
several cities of Troy indicates a large production of gold from 
localities probably not far away. The best-known of these 
mining-camps of the Troad flourished between Pergamos and 
Ataineos, and were inhabited by the Dactyles, a hardy and 
enterprising race. Strabo, in the course of his travels, found 
numerous traces of ancient workings ^ in the vicinity of the 
ancient town of Astyra, then a ruined city which formed part 
of Abydos, but which had been independent when the gold- 
mines in its vicinity were productive. At the time of Strabo’s 
visit, close to the dawn of the Christian era, the mines had 
been practically abandoned, and the formerly prosperous min- 
ing-camp had dwindled to commercial insignificance. The 
extent of the ancient workings seen by him indicates that 
mining had been carried on very actively at this point, and 
legendary tales often attribute the immense wealth of Tantalus 
or ofPriam to the ownership of these diggings. 

The site of Astyra is supposed to coincide with that of the 
modern hamlet of Serjiller, about 14 miles south of the Darda- 
nelles. Abandoned workings of considerable extent are known 
to exist at this point, in a micarschist country, intruded upon 
by lower Tertiary igneous rocks, which, according to Diller,“ 
English and Plett,” consist of liparite, mica-hornblende, and 
augite-andesites, the latter in an advanced stage of decomposi- 

Book xiii , chap. 1. 

30 Quarierly Journal of the Geologioal Society, vol. xxxix., No. 156, p. 627 (Nov., 
1883). 

31 Idem, vol. lx., No. 239, p. 254, et seg, (Aug., 1904). 
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tiou. All these volcanic rocks have been ultimately capped 
with basalt. This igneous series is remarkably similar to some 
which have been observed in various zones of volcanic activity 
within the American Q-reat Basin region, such as the south- 
western portion of ISTevada, where appreciable amounts of gold 
have been yielded by veins incased within rocks, the chief 
characteristic of which appears to consist in the intermediate 
composition, in a scale of decreasing acidity of the magmas 
from which they have solidified. 

A portion of the large quantity of gold articles unearthed on 
the site of Troy must have been derived from Phrygia and 
Lydia, two of the most important mining-provinces of the world 
in the first milleiiium B.C. It may be recalled here that the 
Troad borders on Phrygia, where, according to ancient tradi- 
tions, the discovery of the art of fusing metals took place in the 
course of a forest-fire, during which it was found that fragments 
of ore had been accidentally melted.^^ 

There cannot be any doubt that the Phrygians, in common 
with their better-known eastern neighbors, the Lydians, were 
the most renowned miners and metallurgists during the pre- 
eminence of Hellenic culture. The profusion of mineral species, 
enumerated by Pliny as found in these kingdoms, indicates that 
the natives had abundant opportunities to become proficient in 
the arts of mining and smelting. Lydia especially was re- 
nowned for its wealthy rulers and citizens, most of whom were 
owners and operators of mines. Sardes, the capital, was long 
a world-market for gold, silver, copper, and iron. Hot only 
did the Lydians derive large incomes directly from their under- 
ground operations, but, being situated, geographically, midway 
between Western culture and Eastern splendor, they managed 
to act as commission-agents for both parties, so that products 
from either direction paid them toll in transit, and thus 
increased the wealth of the Lydian capitalists. Herodotus 
mentions the colossal fortune, reaching "[far into the tens of 
millions of dollars, amassed by Prince Pythios, supposed by 
some to have been a descendant of Croesus, the wealthiest of 
the kings of Lydia. This nobleman was the^dynast of Oelenes 


Lucretius, lines 1240 to 1243. 
Book vii., chap. 27 to 29. 
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when Xerxes invaded the West. Plutarch declares®* that it 
was his custom to prevent the inhabitants of the mining-dis- 
tricts under his rule from pursuing their agricultural labors, 
lest the time thus spent be subtracted from more profitable 
employment at underground work. W e can more easily under- 
stand such conditions when we take into consideration the 
great scarcity of metals, and the conseq^uent demand for them, 
which existed at that time throughout Europe. The lack of 
gold was particularly felt in Q-reece in the sixth century B.O., 
when the Lacedemonians had to import expressly from Lydia 
the relatively small amount required for the gilding of a 
statue.® With regard to the wealth of Croesus, Rawlinson, 
referring to Strabo, says ® that its reality cannot be questioned ; 
for Herodotus had himself seen the ingots of solid gold, six 
palms long, three broad and one deep, which to the number of 
117 were laid up in the treasury at Delphi. 

The height of Lydian prosperity was attained in the first 
quarter of the seventh century B.C., and successfully maintained 
during the ensuing 250 years. Throughout this period the 
precious metal was won both from alluvial and from deeper 
mining. Glowing tales concerning the gold-producing banks 
of the Hermos were spread to the confines of the world; and 
many are the legends that spring from the accounts of the rich 
clean-ups made by enterprising Lydian prospectors in washing 
the gravels of the Hermos and its tributary, the Pactolus. The 
latter stream owed its gold, according to an ancient story, to 
the fact that Midas, the mythical founder of the Phrygian 
kingdom, had bathed in its waters, upon the advice of Bacchus, 
in order to be deprived of the fatal faculty of turning every- 
thing he touched into gold. This tradition, like so many 
others of a kindred nature, has value only as indicating the 
existence of an ancient and flourishing placer-industry in the 
valley of the Pactolus. This river, as well as the Hermos, of 
which it is an aflluent, rises on the northern slope of the Tmo- 
lus mountain, itself the site of numerous mining-excavations. 
It may be safely assumed, as an explanation of these old work- 
ings, that the discovery of nuggets in the river-sediments 

“ MoralitS, vol. i., p. 324. 

Grote, History of Greece^ vol. ii., p. 229 (New York, 1853). 

History of Herodotus^ vol. i., p. 367 (London, 1880). 
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stimulated a careful examination of the immediate vicinity, 
and that this search led the ancient prospectors to the ultimate 
source of the gold, namely, to the auriferous veins of the 
mountain. 

How prolific in their yield of the precious metal these banks 
of the Pactolus must have been may be inferred from a partial 
review of the frequent allusions in ancient literature to the 
gold-bearing sands of this famous river. Tchihatchaff’s enu- 
meration®’^ suggests the strong appeal made by this source of 
wealth to the imagination of ancient writers. Among others, 
Scylan of Caryadnis speaks of the Pactolus as having formerly 
borne the name of Chrysoroas (the gold-bearing), by reason of 
its auriferous character. He claims, furthermore, that the 
precious element was engendered eternally in its waters. Hero- 
dotus also alludes®® to the gold carried by this stream; and it 
is interesting to note that he lays special stress on the notion 
that the gold was primarily obtained from the flanks of Mount 
Tmolus, Poets and writers in endless succession have extolled 
the good fortune of the Lydian prospector. Virgil, Juvenal,^^ 
Sivius Italicus,^ all refer in glowing terms to the gold-laden 
muds borne along with the flowing waters. Seneca,^® with 
wonted emphasis, describes the river as inundating the fields 
with gold (inundat auro rura). 

Nevertheless, this production was not destined to be ever- 
lasting. In Strabo’s time, at the beginning of the Christian 
era, it had dwindled to comparative insignificance. Philos- 
trates quotes Apollonius as saying that the Pactolus was for- 
merly” auriferous; and, inasmuch as this Celebrated philoso- 
pher was a contemporary of Nero and of Vespasian, it may be 
inferred that very little gold was recovered from this source at 
that time. The same writer advances the hypothesis of the 
primary derivation of the nuggets from the very rocks of Mount 
Tmolus, and his assertions in this respect indicate a remarkable 


Asie Mineure, Gtog, Phys.^ vol. i., p. 240. 
Apud Hudson, vol. i., p. 14, et seq. 

Book i., chap. 93, 101. 

JEkeidf Book x., line 142. 

Satumcdiaf Book six , line 298. 

^2 Book i., line 168, 234. 

^ PhcmissiSf line 604. 

^ AppoloniuB TyanniSj Book vi., chap. 67. 
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soundness of deductive reasoning. In the light of modern 
theories on placer-formation, a part of their metallic contents 
may well have been derived from the rocks incasing the veins 
which, in the course of their erosion, have contributed the 
bulk of the metal subsequently re-deposited in the form of 
nuggets. 

A later writer, Festus Avenius," makes use of the term 
“ auriger ” in the text of a description of this affluent of the 
Hermos. His use of this adjective need not, however, be taken 
as indicative of a renewed activity of raining on the Pactolus. 
It may have been employed by way of reminiscence only. 
Such, indeed, appears to be the case in the writings of Constan- 
tine Manasses," a Byzantine writer of the eleventh century ; 
and John the Lydian,*’ a native of the valley of the Hermos, 
alludes to the Pactolus merely to refer to its past contributions 
to the world’s wealth. In our own time, peasants dwelling in 
the vicinity of the Boz Dagh are known to make a scanty live- 
lihood by washing the gravels brought down by the rivers. 
But their appearance and mode of living are far from support- 
ing a belief in the continued abundance of the yellow metal in 
that region. It is therefore possible that the placers of this 
gold-field were exhausted fifteen centuries ago, although the 
same assertion might not be made with regard to the original 
sources of the nuggets discovered by the ancients. 

The ambition of these early Greek miners was not confined 
to alluvial mining. ITumerous deeper workings have been 
found on the slopes of Mount Tmolus. Farther north and in 
a similar direction from the bay of Smyrna, similar vestiges of 
ancient labors are to be seen on Mount Sipylus — ^the modern 
Manissa Dagh. Thomae,*® speaking of gold-ores in the vilayet 
of Aidin, refers to this locality as the one from which part of 
the wealth of Croesus was derived. He says that the ancient 
workings had not been fully fathomed, although a vertical 
depth of 200 ft. below the crown of the hill had been reached. 
The same observer calls the country-rock in these mines a 
trachyte, which he found to be very much decomposed in the 


A pud Hudson, Descnptio Orbis Terrm. 
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upper levels, worked by the Lydians. Small veins, cutting 
across the same volcanic rock, were found to carry argentifer- 
ous galena, blende, copper, and iron pyrites with gold, all with, 
a quartz gangue. An average sample, taken from a 1- to 2-toni, 
lot of the ore, assayed as follows : Gold, 13 dwt., and silver^ 
5 oz. 18 dwt. Troy per ton; lead, 7.6, copper, 2.2, and zinc, 
2.7 per cent. 

The Lydians could fairly claim to be the first users of coins 
in history. This, in itself, bespeaks the abundance of the pre- 
cious metals in that richly-endowed country. It was quite 
natural that accumulations of gold and silver should eventu- 
ally be bartered for commodities brought from all over the world 
to this meeting-point of the East and the West. To stamp 
the metals with distinctive signs, and use them as a measure 
of value, was the next step, and an easy one in the ordinary 
course of commercial transactions. 

The earliest products of the Lydian mints were issued dur- 
ing the seventh century B.C.; and were made, not of pure gold 
or silver, but of a compound of both, known as “ elektron,” in 
which the ratio of gold to silver was four to one by weight. 
The name is supposed to be derived from the identical Greek 
word, designating amber, which the native alloys of those 
metals somewhat resemble in color. A century later, gold and 
silver coins appeared; and, no doubt, this change was associated 
with the discovery of a method of parting the two metals. 
Gold and silver generally occur in nature in alloys of various 
proportions, the character of which is particularly evident 
where the veins containing them are the ultimate manifesta- 
tions of volcanic activity. The Anatolian gold-field, for in- 
stance, belongs to such a region of vulcanism, where gold- 
bearing veins, occurring in igneous rocks, carry a noteworthy 
amount of silver. But, apart from all extreme manifestations, 
the general phenomenon is, that metallic gold occurs in nature 
generally alloyed with silver (and not with copper). So uni- 
versal and so well-recognized is this phenomenon, that the dis- 
tinguished mineralogist, Breithaupt, Professor of that science 
at Freiberg, classified native gold and native silver as one 
species, ranging in composition from gold with a trace of silver 
to silver with a trace of gold, and denied the occurrence in 
nature of either metal without some alloy of the other. The 
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proportions of the two metals in native alloys vary with the 
composition of the minerals from which they have been re- 
duced. It seems probable, therefore, that the elektron ’’ of 
the Lydians was simply the native alloy characteristic of their 
own district, and was adopted for coinage and commerce until 
the discovery of a method of parting permitted the manufac- 
ture of gold and silver coins separately. 

2. The Pontic Gold-Meld. 

In the northeastern portion of Asiatic Turkey, and at the 
point of junction of three empires, the snow-capped peak of a 
huge Tertiary volcano, familiarly known as Mount Ararat, 
rising in majestic loneliness above all surrounding eminences, 
marks the center of a region characterized by repeated volcanic 
eruptions, and the point of intersection of two main axes of 
high uplift. One of the latter sweeps westwardly, to form a 
long mountain chain which borders all the northeastern shore 
of Asia Minor, and within which gold-mining has been actively 
carried on since proto-historic times. 

An interesting clue to these very ancient operations is 
afforded by the text of a portion of the second chapter of 
Genesis (vv. 10-12): 

‘‘And a river went out of Eden to water the gardens ; and from thence it was 
parted, and became four heads. 

“ The name of the first is Pison : that is it which compasseth the whole land of 
Havilah, where there is gold ; 

“And the gold of that land is good; there is bedellium and the onyx stone.’ ^ 

By many Bible students, the river Pison has been identified 
as the modern Tchoruksu, running generally parallel to the 
east-west extension of the coast. Its valley has been since time 
immemorial a region of exceeding fertility, and has also en- 
joyed, thanks to the sheltering barrier formed by the elevated 
Pontic range along the northern hank of the river, the added 
blessing of immunity from the ravages of the bleak northern 
gales of Eussia. It is not surprising that the combination of 
such advantages awakened desire for their possession in ambi- 
tious leaders of difierent periods ; and many are the tales of 
struggle and bloodshed over the ownership of these gold-fields. 

One of these stories is repeated by Strabo," whose explora- 
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tions of the then known world, at a time when traveling was 
beset with innumerable difficulties, have made his name illus- 
trious among students of the geography of antiquity. It ap- 
pears that Alexander the Gireat, perhaps remembering his 
father’s successful mining-ventures in Macedonia, received in- 
timations of the abundance of gold in the Sambana district, 
which lay in the province of Syspiritides (the modern Izpir), 
within the Pontic productive area. Straightway he dispatched 
Menon, one oi his generals, at the head of an armed force, 
commissioning him to secure possession of the wealth-yielding 
territory. The sturdy natives, however, resisted the great con- 
queror’s designs regarding lands which they justly regarded as 
their own, and having routed the invaders, sent back to Alex- 
ander the head of Menon, his general. 

Some eight centuries later, gold-mines south of the harbor 
of Trebizond, in the same district, became the subject of dis- 
pute between Justinian, the mighty Byzantine emperor, and 
Chosroes, the King of Persia, his foe.®" At that time the work- 
ings, operated on a very extensive scale, were furnishing 
abundant supplies of the precious metal for the mint at Con- 
stantinople. Much of this gold was won from placers along 
the banks of the Tchoruksu and its tributaries, the latter 
having their sources in the southern facets of the Pontic range. 

Strabo’s copious notes here become again instructive.** He 
says that the natives recover gold by first straining the auri- 
ferous muds through screens and subsequently spreading the 
undersize over sheepskins specially selected on account of their 
long fleece, the shreds of which would serve to entangle the 
particles of metal. Incidentally, it may be noted that the deriva- 
tion of the appellation “ Land of the Golden Fleece,” by which 
this northeastern portion of Asiatic Turkey was designated in 
the oldest of the tales of Greek mythology, becomes self-sug- 
gestive. The corroborative testimony supplemented by the 
name of Cape J ason, applied to a nearby promontory, tends to 
remove all shadow of doubt regarding the exact location of 
that once-famous Eldorado. 

The period of its original discovery, however, cannot be de- 
termined as closely as its location. The earliest known record 

Gibbon, Dedine and Fall of the Roman, Empire^ vol. id., p. 579. 
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is the mythical narrative of the Argonauts in search of the 
<jrolden Fleece ; and this story yields but a single oredible fact 
— namely, that, at some time in early Greek history, not un- 
likely about 1000 B.O., yet perhaps a few centuries later, a 
band of adventurous Greek emigrants decided to set forth and 
discover the country from which they had received from time 
to time reports of the existence of untold wealth in various 
forms. 

There is no doubt that, from that time on, and far into the 
fifth century B.C., the various Greek communities were actively 
engaged in the exploration and colonization of the regions 
lying east of their mainland. Such expansions in the course 
of a national growth have invariably been the consequence of 
prosperity at home. It is not inconceivable that some of the 
hardier and more indefatigable of these explorers surmounted 
the hardships attending travel on the turbulent waters of the 
Black sea, and succeeded in reaching portions of its south- 
eastern shores. What they saw there may be inferred from 
the tales which they brought back, enriched with the adorn- 
ments required to fire the imaginations of their countrymen. 

According to the version of Pliny Strabo’s younger con- 
temporary, and one of the best known naturalists of antiquity, 
the Colchis, as he calls the Land of the Golden Fleece, was 
ruled, previous to the coming of the Argonauts, by Selances, a 
descendant of Actes. This ruler is said to have discovered 
extensive gold-placers in the territory inhabited by the Suanes, 
who lived within the pale of the Colchides. The whole coun- 
try, however, is renowned for its gold-fields,” is Pliny’s final 
comment in connection with this description. 

IV. Prospects of the Future. 

To our own generation the point of greatest interest in con- 
nection with any of these gold-fields lies in the possibility of a 
resumption of exploitation of the hitherto abandoned workings. 
This does not necessarily imply that gold will again be the 
chief metal recovered. There have been numerous instances 
where mines, at one time gold-producing, have eventually 
turned out to be great producers of copper. Two noteworthy 
instances of such a sequence are furnished by two of the 
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world’s largest present deposits of low-grade copper sulphides : 
the Mount Lyell mine in Tasmania, and the Rio Tinto in the 
Spanish province of Huelva. The former came into promi- 
nence in 1881 , and began to attract attention as a gold-producer 
in the incipient stage of its development.'* With regard to the 
latter, Strabo, to whom frequent reference must perforce be 
made in connection with ancient mining, has given us an 
enthusiastic account of the gold-production in southern Spain 
on the site of what are now the famous and immensely produc- 
tive copper-mines of Rio Tinto. 

Another instance of the same nature occurs at the Mount 
Morgan mine in Australia. Here the ore at very shallow 
depths was rich in gold and carried only insignificant quanti- 
ties of copper. Lower down, however, the percentage of the 
latter metal grew considerably higher. 

There are some signs of the recurrence of the same phe- 
nomenon in the Pontic gold-field. Copper has been mined 
during the past few centuries at various points within this 
metalliferous province. Although these operations have been 
desultory, there is ground to suspect the existence of a rich 
copper-belt parallel with the northeastern coastal development 
of Turkey in Asia. Kerassons is, among others, a noteworthy 
locality in which copper-ores in large bodies have been 
reported on various occasions." The recovery of gold as a 
by-product in the smelting of such ores is by no means impos- 
sible. 

Work on the Anatolian gold-field, on the other hand, has 
remained practically at a standstill since the beginning of the 
Christian era. Perhaps detailed investigation of the region 
will lead to interesting industrial developments; and, while 
these ancient gold-fields may never again yield such quantities 
of the precious metal as they gave to the miners of antiquity, 
they may produce, through development at lower depths, of the 
baser metals, a greater treasure than they conferred on former 
generations. 

** Bngineermg and Mining Journal, vol. Isxxix., No. 14, p. 713 (Apr. 2, 1910). 

Mining and Sekntijie Press, vol. zcviii., No. 24, p. 821 (June 12, 1909). 
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Treatment of Nicaraguan Gold-Ores. 

BY HENRY B. KAEDING,* PIS PIS, NICARAGUA, C. A, 

(Wilkes-Barre Meeting, June, 1911.) 

Introduction. 

This paper presents the results of experiments in the treat- 
ment of the gold-bearing ores of the Pis Pis district, near the 

Atlantic coast of Nicaragua, 0. A. 

Up to the present time, the methods in use in this section of 
the country for the extraction of the values from the ores have 
been of the crudest, and the waste has been criminal in its 
enormity. The transportation of heavy machinery being diffi- 
cult and costly, recourse has been had to flimsy and inadequate 
installations, involving great wastes in operation. In some 
places $15 ore is considered the lowest workable grade. One 
mine that came under my observation had a 7-ft. vein of |23 
ore when examined for purchase ; it has been running for years 
and is now deeply in debt. 

The future metallurgy of these ores must depend upon 
chemical, mechanical, and economical considerations — the last 
being, of course, a resultant of the two former, discussed in 
the light of prevailing or realizable commercial and industrial 
conditions. 

L Ohemicab. 

The ores consist principally of quartz, carrying galena, 
pyrite, marcasite, and chalcopyrite, and occasionally magnetite, 
hematite, pyromorphite, and sphalerite, in which minerals the 
gold lies. The quartz veins occur between walls of andesite, 

porphyry 5 ^^ or dioritic rocks, occasionally limestone and dacite. 
Often the dacite itself is heavily ribbed and filled with aurif- 
erous quartz, and is mined as ore. 

Owing to the excessive rainfall of the country, the ores above 
water-level have been oxidized and leached of their sulphides, 
and have become in that operation highly acid and free from 


* Manager, Siempre Yiva Mine. 
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copper. Below water-level they are sulphides, and require an 
entirely different treatment 

Since the surface-ores have been about exhausted in the 
known mines, a brief description of the practice of the past 
will suffice. The ore has been crushed either under stamps or 
in Huntington mills, the pulp run over amalgamating-plates, 
the slimes thrown into the adjacent creek, and the sands 
leached with cyanide. The extraction on the plates has aver- 
aged about 47 per cent., the cyaniding of the sands another 10 
per cent, and the slimes and tailings about 43 per cent., which 
went down the creek. Caustic soda has been used to furnish 
the necessary alkalinity, and sodium cyanide, containing a cer- 
tain amount of sodium hydrate, has been used instead of po- 
tassium cyanide. The result has been that the sodium hydrate 
has reacted on the acid solutions of iron and alumina contained 
in the ores, producing a colloidal gelatinous precipitate of the 
hydrates of the two elements, which immediately diffused itself 
throughout the slime in suspension in the pulp, and not only 
prevented it from settling or curdling, but readily passed through 
a filtering medium until in its passage it had filled the pores, 
after which no filtration could be obtained. In consequence of 
this experience, it has been generally accepted as an axiom that 
the slimes of these ores cannot be cyanided and filtered. One 
slime-plant has been installed, using the old decantation pro- 
cess,^ but is not a success. At this mine, however, P. A. O’Brien 
has lately been conducting extensive experiments, with the re- 
sult that he has installed with perfect success a modern filter- 
plant, using it for the filtration of the slimes, while the sands 
are leached. 

Ho attempt has been made to prevent the formation of the 
colloidal iron and aluminum hydrates, and much effort and 
money has been wasted in a futile endeavor to settle them, or 
filter them, after they were formed. So the slimes have been 
thrown away, and their gold with them. 

The sulphide ores below the water-level have been severely 
let alone. Since, in most of the properties, the sulphides must 
be treated somehow at once, if the business is to go on, the 
problem becomes a vital one. 


1 Tram,, xli., 998 (1911). 
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After a series of experiments on the ores of the Siempre 
Viva mine, I find that chemical success in treating this ore de- 
pends on fine grinding, while success in filtering depends upon 
the rigid exclusion of sodium hydrate from the process. A 
pulp consisting of 1 part of slime to 6 parts of either water 
or cyanide solution, rendered alkaline with lime, will settle in 
15 hr., so that crystal-clear solution can be drawn from the 
surface, and the resultant pulp will have a ratio of 2:1. 
Moreover, this pulp will filter with great rapidity on a Butters 
leaf. I obtained a perfect cake | in. thick in the remarkably 
short space of 1.6 min. I have tried hindered-settling, and 
de- watering in cones, without success, as the slightest vibration 
destroys the settling; dead settling in vats is necessary. 

I find, furthermore, that by grinding the heavy sulphide 
ores so that 90 per cent, passes 200-mesh, and agitating with 
lime and potassium cyanide, I obtain an extraction of 90 per 
cent, of the values in less than 24 hr. For these tests, I used 
the basest ore to be had, so as to secure the most adverse con- 
ditions. 

The consumption of cyanide was 2.9 lb., and of lime 4 lb., 
per ton of ore treated. 

After confirming these experiments on larger lots of ore, I 
am warranted in saying that the best metallurgical method for 
the treatment of both the oxidized and the sulphide ores of 
this mine is by fine grinding and cyaniding, without previous 
amalgamation, in a solution of potassium cyanide rendered 
alkaline with lime, and the subsequent filtration and washing 
of the resultant slime. 

Precipitation by zinc, either as shavings or as dust, is en- 
tirely successful. There is no field here for electrolytic preci- 
pitation with its cumbersome equipment and resultant base 
lead-bullion. 

As the bullion contains a high base-content, principally cop- 
per, and as the export tax is upon the gross ounce of bullion 
and not upon the fine-gold content, it would appear that a cheap 
method of bullion-refining should be installed. The abundance 
of hydro-electric power would suggest an electrolytic method. 
T. W. Bouchelle, head metallurgist of the Lone Star mine, is 
working along these lines. 

While I have experimented with the ore of the Siempre 
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Viva mine only, I believe that the same processes of treatment 
will apply to the ores of the other mines in the district, which 
are similar in all respects to this. 

II. Mechanical. 

The preparation of the ore for cyaniding will vary in dif- 
ferent localities with the character of the ore. In mines where 
the oxidized surface-ores have not been entirely worked out, 
the material will probably go to the mill wet, and, to a great 
extent, sticky. These gummy ores can be best prepared for 
fine grinding by breaking in either a Blake or a Sturtevant 
roll-jaw crusher, and reducing to I in. under stamps, or in a 
Huntington mill. The sulphide ores can best be prepared by 
passing first a Blake-type breaker, and then either under stamps 
or between rolls to | in. In either case, after being reduced to 
■J-in. size, the product should be led to a classifier, and the 
sands from this should be ground in a tube-mill or in grinding- 
pans until from 80 to 90 per cent, will pass 200-mesh. The 
secondary crushing and the grinding should be done in a solu- 
tion of potassium cyanide, rendered alkaline with lime, the 
strength of the solution in either of these chemicals being de- 
termined for each particular ore. It may be found advisable 
to use lead acetate or oxide, in cases where soluble sulphides 
occur in the ore. 

The tube-mill product should either be sent to a second 
classifier or returned to the first, the sands again going to 
the tube-mill and the slimes-overflow all going to settling- 
vats, set at a sufficient distance from the crushing-plant to 
escape vibration. After from 15 to 20 hr. settling, and decant- 
ing of clear solution, which for safety and additional clarifica- 
tion should be run through a sand-clarifying tank, the thickened 
slime may be drawn to the agitators for additional agitation, 
thence to storage-tank and filter; the residues going to the 
creek, and the filtered solution to the sand-clarifying tank and 
extractor-house. 

HI. Economical. 

Under this head may be taken up the question of the class 
of machinery best suited to the obtaining of the above results, 
both chemical and mechanical. 
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In view of the miserable roads, cut until almost impassable 
by tbe rains, tbe feet of oxen and other beasts of burden, the 
freight on large pieces of machinery is prohibitory. Hence 
the use of such machinery as can be carried in sections is 
the first thing to be thought of. Eock-breakers and rolls of 
all classes are built in sections ; the heavier parts of Huntington 
mills, even, may be dragged in on sleds. All the parts of 
stamp-mills are capable of being freighted in — except the 
mortars, which must come in sections; and a sectional mortar 
is not satisfactory. However, it is only with regard to the fine- 
grinding machinery that much difficulty will be encountered. 
A tube-mill, as a whole or even in large sections, is out of the 
question. The choice therefore rests between a sectional 
tube-mill, a sectional Hardinge mill, and grinding-pans. In 
considering the tube-mill or Hardinge mill, we find that the 
cost of importing silex for linings and pebbles for grinding 
will make the cost of grinding in this type of mill quite high. 
If, however, a quartz could be found near the mine, sufficiently 
hard to be used in a lining of the El Oro type, and to furnish 
pebbles, then I would consider these mills the best for the pur- 
pose. The grinding-pans would become economical only 
under certain special conditions of environment. 

The question of power to drive the machinery does not 
enter into this calculation at all, for the reason that most of 
the mines own their own hydraulic power. 

IV. Costs. 

Potassium cyanide costs here about 24 cents; lime, 10 cents; 
and zinc, 14.5 cents per lb. Labor-cost, $1.25 a day; power, 
practically nothing. Under these conditions, at a plant treat- 
ing 100 tons per day of 24 hr., the cost of treatment from ore- 
bin to mint should not exceed $1.50, and will probably be 
found to be nearer $1.20 per ton. 
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The Continuous System of Cyaniding in Pachuca Tanks. 

BY HUNTINGTON ADAMS, NATIVIDAD, OAXACA, MEXICO. 

(Wilkes-Barre Meeting, June, 1911,) 

The arrangement of a flow of cyanide-pulp through Pachuca 
tanks in agitation, so as to permit a continuous process, instead 
of alternate filling, agitation, and emptying, has been proposed 
by various writers within the last two years, and more particu- 
larly by A. T. Grothe, agent for the Brown patents on Pachuca 
tanks in Mexico. It was first put into practice, I believe, by 
M. H. Kuryla at the Esperanza mine in El Oro, Mexico. 

The starting of agitation in Pachuca tanks after filling may 
oflfer no serious diflS.culties with ores which do not settle rapidly 
in such tall tanks ; and the adaptation of the tanks to continu- 
ous agitation under such conditions may give simply a some- 
what more convenient method of treatment and greater agita- 
tion-capacity for a giyen number of tanks, because of the saving 
of time lost in filling and discharging. But in the treatment 
of pulp which tends to settle rapidly, as in the cyaniding of 
concentrates or of the whole pulp of ores containing heavy sul- 
phides, the packing of the slime at the bottom may cause 
much trouble. The use of the radial air-pipe attachments near 
the top of the cone and of the air-valve outside of the air-lift 
tube at the bottom may obviate the difficulty to some extent ; 
but the action of the radial air-pipes on the cone-sides is that 
of a sand-blast, and their continuous use cuts through the 
tanks. Moreover, even when these pipes are used, some pulps 
will pack tightly below them in the cones. Under such con- 
ditions the use of Pachuca tanks with intermittent filling and 
discharging becomes a troublesome process. Time is lost in 
starting agitation; large quantities of compressed air are wasted; 
pulp is blown over the tank-tops ; and not infrequently it may 
be necessary to dig out the bottoms of tanks by hand. This 
trouble is the only important one occurring in the use of Pa- 
chuca tanks ; and, since it is caused by intermittent filling, the 
arrangement of a continuous flow of pulp from tank to tank, 
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kept always full and in agitation, offers a means of avoiding 
such losses and of making the process much more satisfactory. 

For a continuous flow of pulp from tank to tank, the outflow 
must be eciual to the inflow in each tank, that the level may 
remain constant; and if the inflow is mixed thoroughly with 
the pulp already in agitation in the tank, as it would e m 
the central air-lift, then, roughly speaking, that part of the 
inflowing pulp which flows out of a tank in a short period of 
time will be to the whole inflow in that time as the quantity of 
inflowing pulp is to the whole charge. Thus, if a tank con- 
tain 100 tons of pulp, and 10 tons flow in during an hour, 
roughly, one-tenth of the latter, or 1 ton, will flow out to the next 
tank in the first hour ; one-tenth of the ton which flows into the 
second tank will pass to the third, and so on through the 
series. The number of tanks in the series will,_ therefore, 
determine fhe power to which the fraction is raised for a 
short period of time. As the process is continuous, obviously 
these figures are not exact; but for practical purposes we 
may assume that with a series of tanks, the part of the 
pulp receiving a shorter period of agitation than the average 
will be balanced by the part receiving a longer period, and 
that in a series of six tanks having a capacity of 600 tons in 
all, and with 10 tons an hour passing through the system, the 
pulp would receive 60 hours’ agitation. The same tanks, if 
filled, agitated, and discharged by the intermittent system, 
would give only 40 hours’ agitation. 

As the thorough mixing of the pulp in the tanks takes place 
in the central air-lift tubes, the overflow-connections from one 
tank to the following should be arranged so as to sample the 
overflow of the air-lift. This sampling should make a cut of 
the whole thickness of the stream of pulp from the air-lift. 
Failure in this respect would lead to classification in the tank, 
which would prevent the consistency of the pulp remaining 
the same through the whole series, and cause a thickening or 
a thinning that would interfere with the smooth running of 
the process. An y arrangement for a continuous system should 
also be provided with by-pass connections, so that any tank or 
tanks may be thrown out of the series when necessary, to allow 
for changes or repairs in the air- valves or interior piping, which 
are subject to much wear, or for any accident which may occur, 
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such as the dropping of a tool into a tank; otherwise, costly shut- 
downs and the emptying of the whole series must occur from 
time to time. 

A. T. Grothe^ has proposed an arrangement for continuous 
agitation. The overflow-connections consist of straight piping 
at an inclination of 60°, having the intake in each tank at a 
point midway from the central air-lift tube to the tank-side at 
two-thirds the height of the tank, and the discharge into the 
succeeding tank at the top of the cone. The pipe-intake in 
one tank is joined to the discharge in the next by a piece of 
rubber hose. By-pass arrangements do not seem to have been 
provided, and the pipe-inlets are placed far below the pulp- 
surfaces. 

M. H. Kuryla^ installed continuous agitation in a roughly 
similar form at the Esperanza mine. The tanks are 45 ft. 
high and 14 ft, 10 in. in diameter. The pipe-connections have 
their inlets 2 ft. from the 15-in. air-lift tubes and 7 ft, below 
the tank-tops (5 ft. 3 in. to 3 ft. 3 in. below the pulp-levels), 
and their discharges just below the tops of the cones in the 
succeeding tanks. Valves and piping are provided for by- 
passing any tanks in the series at half the height of the tanks, 
and for compressed air to clear out the connecting-pipes, in 
order to prevent their clogging with slime. 

Both the above systems are arranged with the inflow-open- 
ings of the pipe-connections in the form of pipe-ends far below 
the pulp-surfaces, which have the defect of not being so placed 
as to assure a good sampling of the contents of the tanks. 

At the ISTatividad mine, Ixtlan, Oaxaca, Mexico, the 100-ton 
cyanide-plant has been equipped with continuous agitation in 
a different form. 

The ore contains from 6 to 8 per cent, of the sulphides pyrite, 
galena, and blende, and the value is chiefly in gold occurring in 
the pyrite. The low value of these sulphides when concentrated 
to 10 per cent, insoluble, and the high freight- and treatment- 
costs, make inadvisable the shipment of concentrates if a fair 
extraction can be made by cyaniding them. Tests on cyaniding 
the concentrates showed an extraction of from 92 to 93 per cent, 
of the gold, and 90 per cent, of the total value, if ground fine 

^ Mexican Mining Journal^ vol. xi., No. 2, pp. 2 to 6 (Aug., 1910). 

2 Idem, pp. 44 to 46. 
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enough. The mill, as first put into commission in J anuary, IQIO, 
was not equipped for concentration. The ore was as nearly all 
slimed as practicable in the ordinary way with tube-mills, and 
the overflow from the Dorr classifiers (of which 90 to 95 per cent, 
passed a 200-mesh sieve) went to Pachuca agitators after thicken- 
ing in Dorr thickeners. Recently, J ohnston vanners have been 
added, to concentrate the slime-overfiow from the Dorr classifiers 
before the pulp passes to the agitation; and the concentrates 
(90 per cent, through 200-mesh) are now returned to the tube- 
mills for regrinding, and circulate from the tables through the 
tube-mills and classifiers back to the tables, until so fine as not 
to -be caught among the concentrates, — after the method of 
F. 0. Brown.^ 

While the pulp from the above dressing, even before the 
addition of the vanners, was probably as fine as any usually 
agitated in Pachuca tanks, nevertheless, during the filling of 
the tanks, a part of the pulp settled rapidly to the bottom, 
while the lighter part, containing schistose gangue, showed 
very little clear solution above it, if left to settle quietly for 6 
hr. Though the Pachuca tanks used are smaller than those 
commonly installed in Mexico, being 12 ft. in diameter and 35 
ft. in height, the starting of agitation after filling commonly 
gave such diflieulty as to cause several hours’ delay, during 
which, at intervals, the compressed air had to be shut ofi[ from 
other tanks in agitation, in order to raise the pressure to 60 or 
100 lb. so as to blow out the settled slime at the bottom of 
the tank to be started. Frequently, it was necessary to make 
use of hydraulic force from a pipe-line of 500 ft head (in- 
stalled originally for another purpose) to force an opening 
through the bottom of the settled pulp. But for the help of 
this latter force, the intermittent agitation would have involved 
the frequent digging out of tanks by hand. 

In Kuryla’s installation at the Esperanza mine, although he 
used roughly diagonal pipe-connections from tank to tank, the 
last tank was arranged to discharge from the overflow of the 
central air-lift tube into a box a little below its top, in order 
to gain head in passing to thickening-tanks before filter- 
ing. Since the object of the connections should be to sample 
the stream overflowing from the air-lifts, the box-arrangement 

® Mining and Sdentific JFVess, vol. ci., No. 9, p. 273 (Aug. 27, 1910). 
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at Esperanza is nearer the desired form than the submerged 
pipes, and naturally suggested a similar arrangement for the 
whole series of tanks. 

This arrangement was carried out at Natividad for the series 
of tanks, with the exception of the last, as shown in Fig. 1. 
A drop of 4 in. is used from tank to tank, and the central air- 
lift tubes are cut down or added to, in order to give this 
drop. Wooden boxes 7 in. wide, 10 in. long, and 6 in. deep 
(inside measurement) are fixed against the 15-in. central tubes, 
with their tops flush with those of the tubes, and 4-in. pipes, 
placed horizontally, pass from the bottom of each box to the 
next tank in the series. By-pass pipes, fitted with valves, join 
each pipe-connection with the next in the series, as shown in 
the plan, and the 4-in. drop from tank to tank is made in the 
by-passes. Since the level of the inflow-pipe in each tank is 
2 in. below the tops of the air-lift tube and of the overflow- 
box connected with the outflow-pipe, but is slightly above 
the pulp-level in the tank, no part of the pulp entering can 
pass out of the tank without having first gravitated to the 
bottom, and risen through the air-lift tube, thoroughly mixed 
with the whole content of the tank. On the tops of the 
overflow-boxes are sliding iron covers, which open at right 
angles to the direction of the overflowing stream. The regula- 
tion of the flow from tank to tank is done entirely by means of 
these covers, and the valves are used only when it is desired to 
by-pass tanks. The boxes are sufficiently large for the tonnage 
passing through agitation, so that the covers need be opened only 
an inch or two, in order to give the required flow. The open- 
ings which sample the pulp-stream are thus rectangular, with 
their long axes parallel to the radial overflow at those points ; 
and, while theoretically this is not as correct a shape to sample 
the stream as would be a sector of a circular ring, in practice it 
has been found to offer no difficulties, while it is simpler to 
install and to keep in order in the pulp-stream. 

As the last tank in the series discharges to the pulp-tank of 
a Moore filter, where an intermittent feed is important, it is 
arranged with two pairs of sliding doors on the central air-lift 
tube, so as to permit agitation at various levels. The pulp is 
drawn off* intermittently to the filter through the bottom dis- 
charge-opening of the tank, either by hydrostatic pressure in 

VOL. XLII.— 35 
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Plan, and I^ngitudinal Vertical Section. 
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the tank, if full enough, or by 4-in. Butters centrifugal slime- 
pumps. 

All the tanks retain their bottom discharge-connections to 
the centrifugal pumps which lift to the filter, so that whenever 
it is necessary to empty any of them, they may be cut out of 
the series, to prevent fresh pulp entering, and after suflicient 
agitation, may be discharged to the filter. 

In practice, the continuous system of agitation has removed 
completely the former difficulties in starting tanks, and gives 
greater capacity or longer agitation for the same tonnage. 
This is probably the cause of the better extraction noted by 
Kuryla at Esperanza with continuous agitation. While a better 
extraction is probably gained at IsTatividad for the same reason, 
it has not been readily measurable in practice, because slime- 
concentration for regrinding of the sulphides, as described 
above, was commenced simultaneously with the continuous 
agitation and caused a gain in extraction which obscures the 
slight gain there might be because of the change in the agita- 
tion arrangement. The continuous system of agitation has 
been in constant service since September, 1910, without having 
shown appreciable classification, though slight daily differences 
in the proportions of the pulp from tank to tank are caused 
by changes in the feed. The flow from tank to tank gives no 
difficulty, and is regulated by tank-boys at a cost of 62 cents 
American currency per 24 hr. The by-pass arrangements are 
very satisfactory, and any one or several tanks can be thrown 
out of the series whenever necessary. 

The advantages of the arrangement for continuous agitation 
at iNatividad over those of Q-rothe and Kuryla seem to be : 

Greater simplicity of installation (the whole change from the 
intermittent to the continuous system was made in four days) ; 
greater accessibility for handling and supervision (all connec- 
tions are above the pulp-levels of the tanks and within reach 
from the main deck on top of the tanks) ; no plugging of the 
pipe-connections can occur, and no compressed-air connections 
are necessary to free them ; and as the boxes, by which the 
flow from tank to tank is regulated, make a good sampling-cut 
of the thoroughly mixed pulp overflowing from the air-lift 
tubes, no classification is liable to occur, and the proportion of 
solution to slime remains the same throughout the whole series 
of agitators. 
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Notes on Huntington Mills in Nicaragua. 

BY OLAEENCB OARLETON SEMPLE, NEW YORK, N. Y. 

(Wilkes-Barre Meeting, June, 1911.) 

At a number of mines in eastern Nicaragua, 3.5- or 5-ft. 
Huntington mills are used for grinding gold-ore after a pre' 
liminary breaking in jaw-crushers. The smaller mills are made 
sectional to facilitate transportation to the more difficultly ac- 
cessible mines. The capacity of the smaller mills is about 20 
or 25 per cent, that of the larger, but' in proportion to the 
quantity of ore ground they require more power and are subject 
to greater wear. The notes herein given are from records of 
the performance of the larger mills at one of the mines, but, in 
general, apply to the smaller mills also. 

The Nature or the Orb. 

The ore occurred as a series of flat veins in a highly-decom- 
posed rock, probably alaskite. The primary mineralization 
comprised pyrite, pyrrhotite, marcasite, chalcopyrite, and 
quartz ; the oxidation-products of which were chiefly hydrated 
iron oxide or limonite, chrysoeolla, azurite, and malachite. 
The kaolinization of the feldspar of the country resulted in the 
admixture of a great quantity of clay with the oxidized ore. 
The quartz was sandy, imbed<ied in the clay ; and probably the 
greater part represented the residue from the crushed rock in 
the Assures after leaching, and kaolinization of the feldspar. 
There was little vein-quartz in the unaltered primary sulphide 
ore. Only the oxidized ore was mined for the gold that it 
contained in amounts that averaged $4 per ton. No specks of 
gold were ever seen in the ore, and the gold obtained by pan- 
ning was always exceedingly fine. The amalgamation-bullion 
was about 800 fine in gold and from 60 to 80 in silver. The ore 
delivered at the mill contained from 5 to 15 per cent, of mois- 
ture ; during the rainy season the quantity was much greater. 
The moisture and clay made the ore so sticky that it had to be 
raked over steeply-inclined grizzlies; it hung in the ore-bins, 
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and clogged the feeders to an annoying degree. Even the pulp 
with 8 or 10 parts of water to 1 of solids banked on launders 
placed at usual grades, although there were practically no 
heavy minerals in the ore. 

The Treatment oe the Orb. 

The ore, delivered at the mill in sizes up to 8 or 10 in. in di- 
ameter, was dumped upon grizzlies spaced 1 in. apart. The 
large lumps were spalled, and, with the grizzly oversize, broken 
in a 9- by 15-in. Blake or an 8- by 12-in. Dodge crusher, the 
broken ore falling to a 350-ton bin to join the grizzly under- 
size. The ore was fed to five 5-ft. Huntington mills by Chal- 
lenge feeders. The pulp from the mills passed over amalga- 
mation-tables each 4 by 25 ft., thence passed without further 
treatment to the tailings-pond. Plain copper plates were used 
that originally had been dressed with a small quantity of zinc- 
silver-gold amalgam. 

Brass wire cloth, 30-mesh, Ho. 30 wire, screens were used 
in the mills. A sizing-test of the pulp showed 12 per cent, 
through 30- on 40-mesh; 8 per cent, on 60- ; 12 per cent, on 
80- ; 15 per cent, on 100-, and 53 per cent, through 100-mesh. 
Of the pulp that passed a 100-mesh screen, about 20 per cent, 
was finer than 200-mesh, and about 10 per cent, remained sus- 
pended in water after the pulp had been shaken and allowed 
to stand 20 sec. Although amalgamation-tests demon- 
strated that 54 per cent, of the gold was amalgamable, an 
average recovery of but 33 per cent, could be obtained on the 
plates, due in part to the rapid coating of the plates by the 
hydrated iron oxide and clay, necessitating frequent dressing; 
to the admixture of lubricating-oil and grease from the mills ; 
to the necessity of employing unskilled natives as amalgama- 
tors; and also because much of the gold that escaped amalga- 
mation was in the coarse sand and could have been saved in 
amalgamation only by finer grinding of that portion of the 
pulp. 

Power, Capacity, and Speed op Mills. 

The power for the mill was supplied by two plain horizontal 
slide-valve engines — one of 40, the other of 60 h-p. The 
smaller engine drove an 8- by 12-in. Dodge crusher, two Chal- 



604 


NOTES ON HUNTINGTON MILLS IN NIOARAflUA. 


leuge feeders, two Huntington mills, and two 10- by 54-in. 
Frenier sand-pumps; the larger, a 9- by 15-in. Blake crusher, 
three Huntington mills, and their feeders, and two sand-pumps. 
About 12 h-p. was required to drive each Huntington mill ; 
but this varied with the load and speed. The boiler-capacity 
of the plant was insufficient, but when a gauge-pressure of 125 
lb. could be maintained, the mills made 90 rev. per min. and 
ground from 70 to 75 tons of ore per 24 hr. The usual mill- 
speed was 70 rev. per min. and the capacity about 50 tons per 
24 hr. The large capacity of the mills was due to the softness 
of the ore, much of it requiring disintegration rather than 
crushing, while the largest pieces, constituting not less than 20 
per cent, of the feed, were 1 in. in diameter. 

The mills were most efficient when running at the higher 
speeds. Although in excess of the speed recommended by the 
manufacturers, it was found that by driving at 90 instead of 70 
rev. per min. the capacity of the mills was greatly increased, 
with relatively small increase in power. It was also noted that 
better recovery was effected by the amalgamation-plates when 
the mills were running fast. The wear on parts was relatively 
less at high speeds ; and no more troubles or serious conse- 
quences from accidents were experienced at 90 than at 70 
revolutions. 

Inside Amalgamation Hot Always Succbsseul. 

Amalgamation inside the mills was not successful ; while 640 
02 . of amalgam was taken from the outside plates, only 1 02 . was 
recovered from the mercury-well, (?, Fig. 2, in the bottom ot 
the mill. At some of the Nicaraguan mines where Huntington 
mills are used a good recovery is effected in the mill ; but in 
this instance it was a failure, due no doubt to the extreme fine- 
ness of the gold. No scrapers were used, as it was found that 
the mullers swept all the ore and water to the ring-die and 
held the mixture there, so that the center of the mill was prac- 
tically dry, nor did large lumps of ore accumulate there. Un- 
like the work of an engine driving stamps, the load on the 
motor driving Huntington mills varies according to the rate of 
feed, which must be regulated to the varying hardness of the 
ore. When a mill is under-fed it races, and by over-feeding 
it can be brought to rest. Although the feeders were driven 
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from a pulley ou the mill drive-shaft and the speed of rotation 
of the feeder-plate varied with that of the mill, the Challenge 
feeder proved to he not sensitive enough to increase or decrease 
the feed in proportion to the speed of the mill, and it was 
necessary to detail men to watch the feeders. This difficulty 
was in part due to the sticky ore. 

An objection to the use of Huntington mills is, that they are. 
not covered, and hence, if much water is fed to them, they 
throw the pulp out at the top, on belts, pulleys, and everything 
about them. It was the custom to stop the mills for an hour 
each morning, while the boiler-fires were being cleaned ; and 
at that time the mills were washed clean with hose and broom , 
to free all accumulated grit from parts where it would work in 
and cut the metal, and in order that all parts might be 
inspected and changed where necessary. It paid to give the 
mill this bath every morning, as the cutting by grit was thereby 
greatly reduced. 

Great Humber of "Wearing-Parts an Objectionable Feature. 

The wear on the mills was great, but would not have been 
so objectionable but for the number of parts over which it was 
distributed. The total wear varied from 0.75 to 1 lb. of metal 
per ton of ore ground, including the wear of such parts as did 
not show any effect untU after six months’ or a year’s use. 
There are parts of the mill that show little wear when observed 
but for a few months, so the actual wear is much greater than 
is apparent. Some of the large castings have to be scrapped 
when worn out in certain small areas, while the remainder of 
the easting is in excellent condition; the scrapping of such 
castings accounts for the high rate of metal-consumption. The 
total cost of milling was 60 cents per ton of ore, of which 26 
cents was for power (wood used as fuel that cost |3.50 per 
cord delivered at the boilers), and 9 cents for repair parts. Of 
the cost of renewal of worn parts, 50 per cent, was for roller- 
rings, 25 per cent, for ring-dies, 20 per cent, for parts requiring 
frequent renewal, and 5 per cent, for such parts as were 
renewed only at long intervals, such as mill-housings, shafts, 
and gears. 

The normal life of the ring-dies was three months; they 
wore evenly except for a slight fl.atness just where the feed 
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entered. It was never necessary to use tlie grinders that are 
supplied for truing the dies, and when a die was worn out it 
was not more than 0.25 in. thick at the thinnest part. It was 
advisable to replace a ring-die before actual breakage occurred, 
for if it broke in the mill, the broken ends were apt to spring 
in and catch the revolving mullers, with disastrous conse- 
quences. In Fig. 1 a typical worn die is shown. 

The most apparent wear was in the roller-rings, which were 
made of chrome steel, and had an average life of five weeks. 
They always wore flat in one or more places before much of 
the metal had been ground away. In Fig. 1 is shown a worn 




ri«. 1 .— Dib and Bing of Huntington Mill, Showing Wear. 

ring; but it was customary to remove the rings before they 
had worn out of shape to the extent shown in this illustration. 
Flat rings caused pounding that, if it had been allowed to con- 
tinue, would soon have wrecked the mill. The flatness was 
the result of wearing in one place, due to the ring dragging 
against the die without turning on the spindle. The rings, 
when they begin to wear flat, should be removed and trimmed 
in a lathe. If the flatness is considerable, it will be better 
to out away the thicker parts on a planer before turning in 
the lathe. The quantity of metal cut away by the lathe would 
be about equal to that from wear in the mill. With a lathe 
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and planer, the life of a ring can be increased to 10 or 12 
weeks, as the ring can be used when very thin, provided it is 
not flat. 

The mullers were inspected each morning, and all flat rings 
removed. The entire muller with its hanger can readily be 
withdrawn through the driver; and by having a number of 
extra heads with the rings wedged on and hangers in place, we 
were able to change mullers in a few minutes. Ordinarily it 
is better to use cheaper metal than chrome-steel for the rings, 
as the time taken to change them is not of much consequence ; 
and for this reason, it is preferable to have the rings take more 
wear than the dies. As changing a die necessitates removal 
of the housing from the mill bottom, and it takes 12 hr. to 
make the change, it is desirable to have the die wear as little 
as possible compared with the rings. To this end only chrome- 
or manganese-steel dies should be used. 

Bronze Shaet-Bushing Used in Mill-Bottom. 

The heaviest part of the mill is the bottom, A, Big. 2, with 
cone, cast on; it weighs 7,000 lb. and is an expensive part 
to replace, especially when such a heavy piece has to be 
brought to mines diflicult of access. The wear is practically 
confined to the inner bore of the cone where the vertical shaft 
passes through. If desired, the manufacturers will supply the 
bottoms with a bronze bushing for the cone, D, held in 
place by set-screws, E ; this bushing, being softer than the 
steel of the shaft, takes all the wear, and can be readily re- 
placed when worn, so that the life of the bottom is greatly 
prolonged. 

Housing and Drivers. 

The mill-housing slowly wears out, and, after a year’s use, 
holes begin to appear in the back near the feed-hopper, and 
about the screen-openings. When this first occurred, our me- 
chanics were busy on other repairs ; and I had the carpenter 
repair the housing by cutting blocks of mahogany to fit over 
the worn places, binding them in place by studs, and by bolts 
through holes tapped through sound parts of the housing. 
These blocks were found to wear longer than the iron used for 
making similar repairs. After that, all such repairs were made 
with wood, and the blocks did not loosen after a year of service, 
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except when the bolt-heads wore off. Wooden blocks can be 
readily shaped to fit the housing and it is much easier to make 
tight joints with them than with iron. In two years, while all 
five mills were in use, but one new housing had to be ordered. 
Gaskets cut from blanketing or canvas are generally used to 
make a tight joint between housing and bottom; but a cheaper 
and as serviceable gasket may be obtained by using old hemp 
rope, fraying out the strands and laying them smoothly on the 
bottom before lowering the housing to place. 



Fig. 2.— Deiver and Bottom, and Detail op Hanger-Box Holder 
OP Huntington Mill. 

The driver or spider carrying the mullers is keyed to the 
main or central vertical shaft, and rests upon a 0.25-in. shoulder. 
This shoulder and the bore of the driver wear in time, and 
trouble ensues through the settling of the driver. This could be 
remedied by cutting the top of the shaft tapered, without a 
shoulder, as at C, Fig. 2, and cutting the bore, jff, in the driver, 
into which the shaft fits, to a corresponding taper, using a key 
as usual, or preferably a Woodruff key, such as is made for 
tapered shafts by the Whitney Manufacturing Co. The life of 
the driver might be prolonged by using a bronze bushing, J, 
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held ill place by set-screws, and cut with a key-way slot, so 
that the key would hold in the driver and shaft, as well as 
keep the bushing in place. 

The drivers wear also in the sockets of the arms that hold 
the hanger-boxes, i. This wear could be taken up by mak- 
ing the casting heavier at the extremities of the arms, so 
that the sockets could be cut out 0.25 in. deeper, and using 
a spring-steel U-shaped bushing, JT, held in place by the spring 
of the metal. 


An Improved Hanger Suggested. 

The hangers wear in the arms that are carried in the hanger- 
boxes ; and occasionally the arms break. A sleeve-like bush- 
ing could be used over the arms to take the wear, if the re- 
cesses in the hanger-boxes were made enough larger to take 
the bushed arms. A greater improvement would be effected 
by another design of hanger, with a separately-made steel arm. 
Such a hanger is suggested in Fig. 3, where a projection, 5, of 
the casting. A, is cut by a square hole, (7, through which the 
steel arm passes, held in place by the key, 2). This steel arm 
is square in section where it passes through the hanger ; but 
the ends that are carried by the hanger-boxes, XJT, are round 
and cut so as to allow the use of a steel sleeve-bushing, FF, over 
them to take the wear. There would be little possibility of a 
steel arm breaking. In the figure, is the roller-spindle, held 
in the hanger by the gib, and key, G, with a set-collar, J", for 
use while adjusting the length of the muller, before the key 
and gib are brought to bear on the spindle. 

The hangers, as now constructed, would not permit the use 
of a steel arm, since it would cross the hanger where the 
spindle passes through. The projection, £, of the hanger-cast- 
ing and the hanging of the muller from a steel arm passing 
through the projection, would result in so shifting the center 
of gravity that the muller would hang outward if it were not 
for the ring-die, iV. But in the usual design of hanger, where 
the carrying-arm is in the same plane as the axis of the muller, 
the hanger-boxes are carried far enough out on the driver to 
cause the ring-die to keep the muller hanging inward as shown 
in the illustration. This causes the weight of the muller to 
press against the die ; and so the eccentric mounting by a steel 
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arm, as suggested, would tend to increase still further the pres- 
sure of the muller against the die. 

In order to have the mullers hang in the proper position, 
the two-piece, steel-arm hanger would have to be carried by 
the driver at a point several inches farther from the center of 



Fig. B . — Huntington Mill. Details of Constkuctxon. 

the mill than the hanger now in use. This would require a 
driver of a little greater diameter, and a correspondingly greater 
diameter for the housing; or the same housing could be re- 
tained, and the driver be re-designed of the same diameter^ 
but with the sockets nearer the center of the mill. 

The hanger-boxes wear out rapidly, and at an isolated mine 
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it would be advisable to attempt casting them in the shop. 
The casting is so simple that it could be easily made by any 
intelligent mechanic, and a small gasolene melting-furnace 
could'be used to melt the metal in a crucible. If it proved to 
be difficult to make iron castings in this manner, the boxes 
could be cast of brass or copper, and the old and worn boxes 
be melted to make new castings. Molds made of graphite can 
be obtained for making such castings and are preferable to 
sand molds when inexperienced mechanics do this work. 

Leakage of Lubricant from the Eollbr-Hbad. 

The most serious wear, with regard to its effect on amalga- 
mation, is in the cover-plate, T, of the roller-head, 0. This 
plate covers a recess in the head to hold oil or grease for the 
lubrication of the friction-rings, JR, and is held in place by four 
bolts, the heads of which rapidly wear, as also does the cover. 
The plate comes loose and at times drops to the bottom of the 
mill — in either of which events, the grease or oil runs out and 
flows over the amalgamation-plates. 

One day I went into the mill while the morning cleaning 
was going on; and, in washing the sand from the trough 
around the mill, I noticed some fine gold of green color, con- 
centrated on the rough surface of the casting. When it was 
washed into an amalgamated pan but little of it was taken up 
by the mercury, and some of it floated on the water. Treat- 
ment with caustic alkalies or cyanide had no effect ; but after 
treatment in an evaporating-dish with strong nitric acid, it as- 
sumed a bright yellow color and readily amalgamated. Mineral 
grease and oil were used in the roller-heads; and it was be- 
lieved that the oil had coated this gold, preventing amalgamation. 

Not only does the cover-plate wear, but the spindle is often 
cut by grit entering a keyway-like passage or groove cut on 
one side of the spindle for the purpose of admitting oil to 
lubricate the bore of the roller-head through which the spindle 
passes. This groove is usually closed at the top of the spindle 
by a wooden plug, which, because it is so small, often jars loose, 
or the mill-men forget to replace it — and then grit works down 
to cut both spindle and roller-head. 

The spindle should be provided with a central passage, as 
shown at if, Fig. 3, passing down the center to a point below 
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the upper part of the roller-head ; the groove L should be cut 
only at that part of the spindle passing through the head, and 
should be connected with the central passage by a cross passage, 
K; the upper part of the central passage should be threaded 
to take a small closing-plug, I, that can be screwed in tightly 
with a wrench. A little oil should be added each morning 
when the mills are being cleaned; and the spindles should be 
washed free of all dirt before removing the plug. 

The leakage of oil may be prevented by designing the roller- 
head and roller-ring as shown in Fig. 3. The lower part of 
the ring is closed by forging the metal so that it is open at the 
top and closed at the bottom, as shown at W. The roller-head 
is of about the usual design, but the bolts to keep the cover- 
plate, T, on the oil-chamber are replaced by studs, V. There 
are then no bolt-heads to be worn oft* at the top of the head, 
and the diaphragm-like closing of the roller-ring prevents wear 
of the cover-plate. No oil can possibly flow’^ into the mill. 
These roller-rings would be more expensive and more diflicult 
to make, but the advantages of such a construction would fully 
justify the greater cost. 

■Wedges, Screens, and Belts. 

Wooden wedges were used to hold the ring-die in place in 
the mill-bottom and for binding the roller-rings to the heads, 
as shown at £. The wedges were driven close together and 
spread by thin steel wedges. In the tropics, leehe amarilla is 
the best material obtainable for wedges, but mahogany or pine 
may be used, though they are not so good. The wooden 
wedges are perfectly satisfactory for the purpose of binding 
rings and dies. 

Brass wire screens have an average life of three days ; needle- 
punched round hole, 20-gauge iron screens, with apertures equal 
to 25-meBh, wear from 7 to 10 days. The screens in Hunting- 
ton mills are subjected to hard blows from the larger pieces of 
ore being thrown violently against them by the mullers. The 
punched iron screens are preferable on this account; but they 
reduce the capacity of the mill to a slight but appreciable extent. 

The mill should be equipped with covers or guards extending 
above the housing, to prevent pulp being thrown on the belts. 
Grit soon wears the belts, the faces of the pulleys, and eventu- 
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ally works down, into the bevel-gears, causing them to wear 
rapidly. Apart from the wear of ring-dies and roller-shells, 
it is true that about 90 per cent, of the wear on the Hunting- 
ton mill is due to grit alone. The driving-shafts should be so 
placed that the belts run at flat angles, preferably not over 45°, 
since vertical belts slip if not tight, and the evils of tight belts 
are more apparent in running this class of machine than per- 
haps in any other. 

Conclusions. 

Huntington mills are well adapted for grinding soft clayey 
ore where only the lightest stamp could be used, if stamps 
could be used at all with any degree of satisfaction — and then 
only at low efficiency; they discharge the pulp, as soon as it is 
ground fine enough to pass the screen, more rapidly and more 
completely than do any other forms of grinding-machines, and 
therefore little pulp ground fine enough to pass the screen re- 
mains in the mill to be slimed. It is this high screening-effi- 
ciency that makes the machine so adaptable for the regrinding 
of tailings before concentration ; but because of the wear and 
number of its wearing-parts, other forms of machine are used 
where the Huntington mill would give a product with much 
less slime. In - the concentrator of the Nevada Consolidated, 
both Chile and Huntington mills are used for regrinding, but 
the repair-costs for the last are much greater. The Tonopah 
Mining Co. intends to replace with Chile mills the Huntington 
mills in use in its mill, solely on account of the greater wear 
of the Huntington. 

This excessive wear may be reduced by such changes as 
have been suggested above, the idea being to reduce the wear 
to small parts that can be readily replaced at little cost. The 
objection to the mill is not so much the actual wear, but that 
certain parts of the mill wear out in one spot, so that a large 
easting, little worn in other places, has to be scrapped. The 
power required is not great, and compares favorably with other 
grinding-machines ; the low cost, simplicity, and small expense 
of foundation and installation, are real advantages, which are 
unfortunately outweighed, for the Huntington mill as at 
present constructed, by more important considerations above 
mentioned — except in cases where no other mill is so perfectly 
suited to meet the conditions imposed by the nature of the ore. 
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Canadian Mining-Law. 

BY J. M. OLAEK, LL.B., K.C., TOEONTO, CANADA.* 

(Wilkes-Barre Meeting, June, 1911.) 

For some years past, those interested in the development of 
the increasingly important mining industry of Canada, have 
urged the adoption by the Dominion Parliament of a federal 
mining-law, which would have the force and stability of statu- 
tory enactment. At present, placer-mining in the Yukon 
Territory is governed by the Yukon Placer Mining Act. All 
other mining under federal jurisdiction is governed by Orders 
in Council and Ministerial Regulations. 

In the earlier stages of development, it is perhaps a matter 
of necessity that these important matters should be so dealt 
with; but it is now felt that the time has come when mining- 
rights in the extensive regions under federal control should be 
put on a permanent basis, and that any changes required from 
time to time should be made only after full and open discussion 
in Parliament. 

A short sketch will suffice to indicate how vast and varied 
the interests affected really are. 

When the Dominion of Canada was constituted by the Im- 
perial Statute known as the British ITorth America Act of 1867 
(which came into force by proclamation on J uly 1 of that year), 
it comprised only the present Provinces of Ontario, Quebec, 
Fova Scotia, and New Brunswick; but provision was made for 
the inclusion of Newfoundland, Prince Edward Island, British 
Columbia, Rupert’s Land, and the North West Territories. 
Subsequently Rupert’s Land and the North West Territories 
were acquired, the Crown Colonies of British Columbia and 


* Secretary’s Note.— Mr. Clark, an eminent Canadian lawyer, and joint author 
of the treatise on “The Law of Mines in Canada,” has been requested by the Do- 
minion Government to prepare a Federal mining-law, and presents this paper, 
by invitation of the Council, in order to obtain, if possible, useful suggestions from 
members of the Institute. — W R. 
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Prince Edward Island were admitted, and all the other British 
Territories and possessions in North America, with the islands 
adjacent thereto, except Newfoundland and its dependencies, 
were annexed to Canada by Great Britain. 

Canada, consecjuently, now comprises the whole of the north- 
ern half of North America, except Alaska, Newfoundland, and 
that portion of Labrador which constitutes a dependency of New- 
foundland. All lands, mines, minerals, and royalties belonging 
at the time of the union to the several Provinces of Canada (now 
Ontario and Quebec), Nova Scotia, and New Brunswick, are 
declared to belong to that one of the said several Provinces of 
Ontario, Quebec, Nova Scotia, and New Brunswick, in which 
the same are situated or have their legal origin — subject, how- 
ever, to any trusts existing in respect thereof, or any interest 
therein, other than that of the Province. 

Each of the Provinces named has jurisdiction to make laws 
for the management and sale of its public lands, and of the 
timber-wood thereon, and also as to property and civil rights 
in the Province. 

With some exceptions, not necessary to be here specified, the 
same rules were made applicable to Prince Edward Island and 
British Columbia. But very dijffierent conditions and regula- 
tions obtain in the remaining parts of Canada. 

Under the sanction of an Imperial Statute, the Dominion of 
Canada obtained a surrender of the lands and territories 
granted by Charles II. in 1670 to the Governor and Company 
of Adventurers Trading into Hudson Bay, known as the Hud- 
son Bay Co.; and Rupert’s Land and the North West Terri- 
tory were consequently admitted into the Dominion as of July 
16, 1870. 

When the Provinces of Manitoba, Saskatchewan, and Al- 
berta were formed, the lands, mines, and minerals, with slight 
exceptions, were not transferred to the Provinces, but remained 
the property of the Dominion of Canada, and subject to federal 
jurisdiction and control. 

The proposed federal mining-law must deal with the mines 
and minerals of these three Provinces, of all the Territories 
(including the Yukon Territory), and of certain areas of the 
older Provinces, principally the Indian lands and the Railway 
belts of British Columbia. It must, therefore, deal with placer- 
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mining, coal, natural gas, oil, petroleum, gold, silver, copper, 
and the other minerals. The whole field must be covered and 
every problem of mining-law solved. 

The framing of this general law is regarded by mining-men 
as supremely important, not only on account of the great in- 
terests actually and potentially involved, but also because it is 
looked upon as the first step towards the unification of the min- 
ing-laws of Canada. The vital importance of such completeness, 
wisdom, and practical convenience being presented by the fede- 
ral statute as will recommend it to the several Provinces for 
voluntary adoption is therefore self-evident 

While the Dominion has no jurisdiction over the mining- 
laws of the Provinces which own mining-lands, it is hoped that 
the provisions of the federal law, by reason of their excellence 
and efiiciency, will gradually be adopted by the various Prov- 
inces. 

To paraphrase a famous saying, this must take place, not by 
reason of imperial po-wer, but by the imperial power of reason. 

In this connection, a striking instance of concerted action by 
independent jurisdictions may be mentioned. Some years ago, 
an exceedingly well-drawn Act, dealing with bills of exchange 
and promissory notes, was passed by the Imperial Parliament. 
The same Act, with slight changes, was passed by the Cana- 
dian Parliament, and by a majority of the State legislatures of 
the United States; so that it may now be said that this statute 
governs the greater part of the English-speaking world ! 

There is no reason why the members of this Institute should 
not take a useful and active part in obtaining for the mining 
world advantages similar to those which have been thus secured 
by the mercantile communities of Grreat Britain, the United 
States, and Canada. 

At the present time, a discussion of the fundamental princi- 
ples upon which such a mining-law as is proposed should be 
based, and of the merits and deficiencies of such codes as that 
of Mexico, would be interesting and instructive, as bringing 
together, in useful form, the results of close observation and 
varied experience of the mining-laws of the world. 

There is no danger that any form of the so-called “ apex- 
law^’ will be again introduced into Canada. That law was 
once copied, under the influence of miners from the Pacific 
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States, by British Columbia, but was finally abolished April 23, 
1892, since which date the rights of the holder of a mineral 
claim are confined, in British Columbia, as in all other parts of 
Canada, to the ground bounded by vertical planes drawn 
through its surface boundary-lines. The vested rights of claim- 
owners who had located their claims under former acts were 
protected; and the “ apex-law,” in British Columbia, as else- 
where, has given rise to costly litigation, which seems inherent 
in the system of extra-lateral rights. 

There are, however, other important questions to be dis- 
cussed: such as how adequately to protect the prospector, 
without at the same time introducing the danger of “blanket- 
ing ; ” the function of discovery in the acquisition of mining- 
title; the most useful forms of working-conditions, and the 
most efiicient methods of enforcing such regulations. Last, 
but not least, the ever-present and ever-troublesome questions 
of taxation and royalties must be considered. 

Discussion. 

Rossitbr W. Raymond, New York, N. Y. : — It is satisfac- 
tory, but not surprising, to learn that there is no danger of the 
adoption in Canada of the apex-law with its extra-lateral right. 
I do not think that any community which has once experi- 
enced the evils of that system, and has escaped from them by 
abandoning it, would ever dream of returning to it. And 
British Columbia having had that experience, has doubtless 
furnished a sufficient object-lesson for the whole Dominion. 

Mr. Clark’s hope that a federal law may be framed which 
will ultimately be adopted by the Provinces, is not chimerical. 
Not only the commercial instance which he cites, but the his- 
tory of our United States law, encourages such a hope. That 
law prescribes a few conditions, leaving to local legislation 
freedom to ordain others, not inconsistent therewith. For in- 
stance, the form and the maximum dimensions of a mining- 
claim and the minimum amount of annual “ assessment-work,” 
are prescribed, together with a few forms of procedure ; but 
smaller dimensions, larger amounts of annual work by posses- 
sory owners, and additional forms of procedure, may be 
imposed by local legislation or regulation. In many cases, 
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especially during tlie earlier period following the adoption of 
the federal law (1870), this freedom was abundantly used, and 
locators of lodes or placers were often obliged to do, for the 
maintenance of their possessory titles, a good deal more than 
the XT. S. statutes required ; but gradually the convenience of 
uniform conditions, working quietly, but continuously, like the 
pressure of gravity, had its effect; and, at the present time, the 
local regulations of mining-districts have been largely super- 
seded by State or Territorial statutes, which are, in the main, 
not only consistent, but identical with those of the federal law. 
Another illustration is the manner of making and recording a 
mining-location upon the public domain. It may seem strange 
that the XT, S. law prescribes nothing at all in this respect. It 
required the location to have certain essential features of shape, 
maximum dimensions, and relations to the discovery of a min- 
eral deposit within its boundaries ; but it does not require any 
particular form of record or proof of these fundamental require- 
ments. Indeed, the United States government does not to-day 
possess either records or maps showing what portions of its 
public mineral lands have been appropriated by valid mining- 
locations, and, being held under possessory title, do not now 
belong to that domain. The explanation of this anomaly is 
historical. At the time when our government had to do some- 
thing in order to define its relations with miners who w^ere 
technical trespassers upon the public lands, those lands con- 
stituted, in the main, a vast unsurveyed wilderness. A theo- 
retically perfect and properly guarded system for the record of 
mining-titles would have been impracticable of execution ; and 
Congress, therefore, did the best it could under the circum- 
stances. The punishment of trespassers being neither desirable 
nor practicable, it legalized the trespass, and left the parties 
concerned to settle their relations to one another according to 
the local rules which they had themselves adopted in the sev- 
eral mining-districts, or which might be established for them 
by local legislatures, subject to a few more or less elastic require- 
ments established by the United States, as the real owner of 
the land. Meanwhile, the facts concerned were left to be 
proved by any kind of evidence, documentary or oral. 

In my judgment, this action of Congress, though warranted 
under the circumstances so far as records of location, etc.. 
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were concerned, might and could have been remedied, when 
these circumstances had greatly changed, by requiring records 
of location, etc., to be made in or officially transmitted to the 
U. S. local or General land-office. But it is worthy of note 
that, without any such requirement, the effect of simple con- 
siderations of the certainty and safety of such records has 
brought about a general uniformity of local legislation, requir- 
ing them to be filed with the officers of courts or counties, who 
will be responsible for their preservation from mutilation or 
destruction. It is not yet the duty of such officials to give 
notice to the United States of such entries, affecting the title of 
the United States to its public lands; but that step may easily 
be taken. Meanwhile, this narrative of somewhat chaotic pro- 
gress may encourage the belief that obviously wise and useful 
features of administration will, in the end, be adopted by com- 
munities upon which, when first promulgated, they are not 
legally binding. In other words, it is worth while for a federal 
government, like that of the U. S, or the Dominion of Canada, 
to frame a system of mining-law for its own lands, which will 
commend the acceptance of its constituent States or Provinces 
in the administration of their own lands. 

To this end, I think the first requisite is a survey of such 
lands. Apart from the mischievous extra-lateral right, the 
greatest cause of confusion and waste in those mining-districts 
of this country which have been afflicted by our mineral-land 
law, has been the lack of such public surveys as would permit 
the accurate definition of a mining-location by reference to 
established landmarks, I do not know how far the Dominion 
has proceeded in the discharge of this public duty — one of the 
very first, in my opinion, which is incumbent upon any govern- 
ment worthy of the name. At all events, I hope that Mr. Clark’s 
draft of a code will include provision for immediate perform- 
ance of this work. Mining-grants may have to be made in 
territory not yet surveyed ; but this should be done under con- 
ditions which will secure their subsequent re-definition by 
reference to the lines of such a survey, and will permit the 
readjustment of their boundaries so as to conform, if possible, 
to those lines. This will be comparatively easy, if the bounda- 
ries of the Original location be required to follow the direction 
of the future survey-lines — e.g,, to run K-S. and E-W. The 
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purchaser or possessory tenant of a tract of mining-land would 
never object to paying for a little more area here, or a little 
less there, in order to conform to this obviously convenient 
rule — ^provided, of course, he were not haunted by the fear of 
losing problematical “ apex-rights ” by any variation in his 
lines. Under our present U. S. system, the locator determines, 
as well as he can, the course of the “ apex,” which he fondly 
hopes he has truly discovered, and is bound to claim a rec- 
tangle covering that course — under penalty of losing some or 
all rights, both extrarlateral and intra-lateral, if later develop- 
ments should prove him mistaken. It might be a hardship to 
him to be required to draw his boundary-lines in particular 
directions ; although I am inclined to think that, in the long 
run and in the majority of cases, the result would be advan- 
tageous to our mining-operators, by reason of their greater 
security of title. I have had to do with a large number of 
mining-litigations, and I can recall few lode-claims involved 
in such eases from which the lode did not depart, at some 
point, across a side-line ; so that I am inclined to believe that, 
even under the “ apex-law,” the boundaries of locations might 
have been required (with some modification or conditions as to 
length and width), to run H-S. and E-W., with real advan- 
tage to locator. Be this as it may, I see nothing to prevent 
the adoption by the Dominion of Canada of a provision so 
well-established and so universally approved in the sale of 
public agricultural lands. 

Hext in importance to public surveys is the official classifica- 
tion of the public lands to be leased, sold, or opened to pros- 
pectors. This classification should be, in my opinion, final and 
conclusive. If the land in question has been sold outright, 
say, at the price of agricultural land, and the grant or patent 
of the government, conveying the full common-law fee simple 
to its contents, usque ad astra, mqvue ad inferos, has been issued 
to the purchaser, then the original official classification of it, 
as agricultural, should not be disturbed by proceedings attack- 
ing the purchaser’s title, on the ground that it was or is, in fact, 
more valuable for mining than for agricultural purposes. The 
government should occupy, in this respect, precisely the posi- 
tion of a private seller. (Of course, actual fraud, to which the 
purchaser was a party, might be pleaded against his title, but 
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to DO further extent and under no other conditions by the gov- 
ernment than by any private party wronged by such fraud. 
That is to say, the government should itself bring suit for the 
abrogation of its grant or deed ; and the latter should not be 
open to collateral attack in any private snit.) In short, the 
purchaser of anything from the government is entitled, in jus- 
tice as well as policy, to know just what he gets, and to be 
assured that he really gets it. The danger that, through an 
incorrect official classification, mineral land may be sold at a 
lower price as agricultural land, is entirely insignificant com- 
pared with the importance of giving a clear and secure title to 
purchasers. 

On the other hand, lands may be granted for agricultural 
purposes, with a reservation by the government of the mineral 
rights. In this case, a previous official classification is less im- 
portant. Yet I think it might well be required to protect the 
government against unnecessary administrative complications. 
Any land which is officially classed as “ mineral,” had better 
not be sold as “ agricultural ; ” and, in any case, it is best that 
in such transactions, as in private bargains, both parties should 
clearly know what they are doing. In leases of mineral rights, 
it might be urged that the government should he able to in- 
crease its requirements upon proof of unexpected value of the 
property. One obvious answer is, that such a change should 
be practicable, if at all, only after a term of years. But a more 
conclusive answer is, that the mining industry should be taxed 
upon its annual product or profits ; and such a tax will take 
care of all unexpected prosperity, without disturbing the condi- 
tions of mining-title. I feel bound to say, however, that nearly 
50 years of observation and experience have inclined me to be- 
lieve that the acquisition by private parties or corporations of 
the full fee simple of public lands, including the mineral right, 
is better in the long run, than any system of leasing by the 
government. If such a system should be deemed advisable, 
then the condition of the retention of title should be, not a given 
amount of annual “ work,” but an annual payment of money. 
The requirement of “ assessment-work,” under our XT. S. law, 
is delusive and useless. The required annual payment of a 
sum of money would be much more effective in preventing the 
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retention of possessory titles (which are practically, under our 
law, government leases) for speculative purposes. 

The policy of requiring continued work as a condition of 
continued possessory tenure is not particularly harmful with 
regard to metal-mines, especially when, as with us, the amount 
of such work is trivial ; but the governmental leasing of coal- 
lands for limited periods, and upon conditions of continual 
operation under penalty of forfeiture, is thoroughly bad. This 
idea has been suggested, I believe, by President Taft himself, 
whose sane and wise views of the general subject of “ conserva- 
tion ” have won the approval of intelligent people. But I think 
he is wrong on this point. The operation of a colliery by a 
lessee is certain to cause the sacrifice of future to present in- 
terests; and the requirement that such a lessee shall keep 
going or lose his lease simply aggravates the situation. JSTo 
governmental inspector could fairly require of a lessee the ex- 
penditure of a large sum of money which he might never 
recover, under an arrangement subject at any time to execu- 
tive cancellation, especially if such expenditure were required, 
not for the safety of workmen, but only for the advantage of 
some future lessee ; and the requirement of continuous opera- 
tion as a condition of tenancy, would operate to favor that 
over-production which is the greatest enemy of “ conservation.” 
At a recent meeting of the Institute, an eminent authority on 
this subject * read a paper advocating the shutting-down by the 
government of coal-mines that did not pay, in order to prevent 
the injurious over-production and consequent waste of coal. 
My proposition is, that such mines will he shut down by their 
proprietors without governmental interference, provided they 
are not forced to continue operations for some other reason, 
such as the danger of thereby losing their property altogether. 
In short, I think that, in all such questions, private ownership 
and liberty are likely to produce better results than govern- 
mental supervision ; and that the best thing any government 
can do is to preserve order, enforce contracts, give to lessees or 
purchasers of its lands clear and valid titles, and then allow 
them the largest practicable liberty of enterprise and industry — 


' Edward W. Parker, The Conservation of Coal in the United States, Tram., 
zl, 601 ( 1910 ). 
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reaping its own advantages, not from the extortion of a per- 
centage of the anticipated results of speculative adventures, but 
from the consequent increased wealth of all its people and the 
fair taxation of that wealth. 

I could say many other things upon the text which Mr. Clark 
has presented, but I trust the foregoing will incite other mem- 
bers of the Institute to offer suggestions which may be useful 
in his undertaking. 


A Drafting-Table for Tracing Through Opaque Paper, 

BY A. T. SOHWENNESEN, STANFORD UNIVERSITY, CAL. 

(.Wilkes-Barre Meeting, June, 1911,) 

Every engineer has occasion to trace or copy a map, plan, or 
other drawing on paper too thick for the ordinary way of using 
tracing-cloth or tracing-paper. "When the figure is small and 
simple a copy may be made by holding the original against a 
window-pane, covering it with the paper, and tracing direct by 
the aid of the strong sunlight from outside. The need of utiliz- 
ing this principle on a larger scale and in a more convenient 
position led Dr. J. 0. Branner to plan the table of which the 
following is a description ; 

This table was first made in the form of an adjustable glass- 
top table with a mirror beneath, in 1887, while Dr. Branner 
was State Geologist of Arkansas. Later it was modified as 
experience suggested until the form as here described was 
evolved. 

The device consists essentially of a drafting-table with a 
plate-glass top, upon which the original drawing and the paper 
are laid, and a mirror mounted underneath to reflect the light 
of the sky up through the drawing. The glass top is hinged 
and fitted with two arms and thumb-screws, so that it can be 
raised and fixed to any position, either inclined or horizontal. 
The mirror is pivoted and revolves about a horizontal axis, so 
that it may be tilted to any angle. The hood of cardboard or 
black cloth prevents the reflection of light from the tracing, 
and may or may not be attached to the table. 
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The apparatus is set up before a window through ■which part 
of the unobstructed sky is 'visible. The mirror is then adjusted 
like the reflector of a microscope, so that the sky light is re- 
fieeted up through the drawing. If the mirror can be so loca- 
ted that the direct rays of the sun are reflected through the 
drawings, thicker paper can be used. 



The map or drawing may be held in place by clips screwed 
to the top of the plate-glass frame or by lead weights placed on 
top of it. 

Fig. 1 gi'pes the dimensions and shows the general appear- 
ance of the table in use in the department of Q-eolo^y and Min- 
ing at Stanford University. The dimensions may be varied 
to suit individual needs. An important point to be remem- 
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bered in the construction is that the piece marked X should 
be made as narrow as possible so as not to shut out more light 
than necessary. The frame of the glass top also should be 
made narrow at the top, for the same reason. 

This table can be used at night by employing an electric 
light, BO placed as to be reflected or even to shine directly up 
through the plate-glass table-top. 

It sometimes happens that the light from beneath is incon- 
veniently strong, but this objection can be obviated by cut- 
ting a small opening in a piece of thick or dark paper which 
is laid over the drawing. The tracing can then be done through 
the hole, and the sheet can be moved about at pleasure, which 
gives the advantage also of preventing the tracing from being 
soiled, and it often brings out more clearly the lines to be 
traced. 


The Universal Metalloscope — A Perfected Microscope for 
the Examination of Metals. 

BY ALBERT SAUVEUE,* CAMBRIDGE, MASS. 

(Wilkes-Barre Meeting, June, 1911.) 

The instrument about to be described meets so perfectly the 
special needs of the metal microscopist that there seems to be 
little doubt but its merits must be readily appreciated by those 
who have had any experience in the microscopical examination 
of metals. 

The Microscope-Stand . — The microscope-stand proper. Fig. 1, 
consists of a microscope-tube, provided with both coarse and 
fine adjustments of the best construction, and with a draw-tube, 
rigidly mounted on a bar supported at both ends on substan- 
tial and firm casb-iron legs. The height between the table and 
the under side of the supporting bar is 5 in. and the distance 
between the supporting legs 12 inches. 

This arrangement affords free space below the objective for 
the examination of large specimens of metals, such as full rail- 
sections, without detracting in the least from the value of the 


* Professor of Metallurgy and Metallography in Harvard University, Cam- 
bridge, Mass. 
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instrument when applied to the examination of the usual small 
specimen, as explained later. Many metal microscopists fre- 
quently have to examine bulky specimens, and this is altogether 
impossible with the ordinary microscopes as well as with the 



Fig. 2.— (A) Electro-Magnetic Stage and Rail Section. (R) Electro- 
magnetic Stage, Templet, and Medium-Size Specimen. (C) Electro- 
magnetic Stage, Two Templets, and Small Specimen. 






Fig. S.—Back Leg op Electro-Magnetic Stage and Sliding-Plate. 


special metallurgical microscopes which have been designed 
and described from time to time. 

Recourse must be had to all sorts of makeshifts for the proper 
support of large specimens, or, more often, the microscopist 






Fig. 1. — Univebsai. Metaleoscope : Stand, Eye- Piece, Vertical Illumi- 
nator, Objective, Elect jko-Magnetic Stage, and Bail Section. 



Fig. 4. — Universal Metalloscope : Electro-Magnetic Stage with Me- 
chanical Stage, Magnetic Specimen-Holder, Small Specimen, and 
Base-Plate. 






Fig. 5. — UKiVERSi 
Base, Magkb' 
Plate. 


Fm. 6 . — Meoiiakical Stag-b and Magnetic Sfecimen-Holdek. 
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A 


B 



7.— (A) AIagnetic Holder. { B ) Steel Templet. (C) Magnetic 
Holder, Templet, and Sample. 





fPiG. 8 . — Specimen-Holders for Non-Magnetic Specimens. 
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jtiq. 9.— Universal Metalloscope, Nernst Lamp Outfit, and 
Vertical Camera. 



BSAL Metalloscope, Arc Lamp Outfit, Large Totally- 


Fig. 10.— Univei 
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gives up the attempt altogether, or else resigns himself to the 
cutting of the bulky samples into small pieces to be laboriously 
polished and separately examined. 

It is believed that an instrument permitting the examination 
of large as well as of small specimens with equal ease and accu- 
racy will be welcomed by metallographists, and that it will 
lead to more frequent examinations of full sections of metal 
implements, a departure which should bring fruitful results. 

Electro-MagnetiG Stage , — The perplexing question of the proper 
support, for microscopical examination, of iron and steel speci- 
mens of all sizes and shapes has been most happily and effec- 
tively solved by the use of the electro-magnetic stage illustrated 
in Fig. 1. This stage consists of a steel plate 7 by 14 in. having 
a V“Shaped opening, and converted into a powerful electro- 
magnet by means of two bobbins with solenoids surrounding 
the arms of the steel plate, as clearly shown in the illustration. 
Electrical connection is readily made with any suitable current, 
and the use of an incandescent lamp in series provides in a 
simple way the necessary outside resistance to prevent heating 
of the solenoids. Large specimens of iron and steel, such as 
rail-sections, J., Fig. 2, are firmly held in an accurate position 
by the attraction of the magnetic stage, the extremities of the 
flange only and a narrow space on each side of the head being 
hidden from view. The size and shape of the stage-opening 
make possible the ready support of specimens measuring from 
2 to 6 in. in greatest dimension. 

Templets for the Examination of Small Specimens , — ^For the ex- 
amination of iron and steel samples from 2 in. in length down 
to the smallest dimensions, a steel templet, also with a V- 
shaped opening, is placed on the stage, shown at Fig. 2. This 
templet through its contact with the stage becomes strongly 
magnetized and the specimens to be examined are suspended 
to it. 

For the examination of very small specimens with high- 
power lenses the thickness of this templet would prevent the 
necessary close approach of the objective. To make this ap- 
proach possible a very thin steel templet (not exceeding 0.01 
in. thick) is used, shown at (7, Fig. 2, which makes possible 
actual contact between a high-power objective and the smallest 
specimen. 
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Support of Non- Magnetic Specimens. — For the support of non- 
magnetic specimens, such as non-ferrous metals, rocks, cement, 
etc., a very simple device is provided, consisting of two cross- 
bars and rubber bands, which is readily attached to the stage 
and by means of which the non-magnetic specimens, as well as 
the templets when needed, are firmly held in place regardless 
of their size or shape. 

Leveling-Neoices of Stand and Stage. — ^It is, of course, essential, 
especially when using high-power objectives, that the optical 
axis of the microscope be accurately perpendicular to the sur- 
face under examination. To secure this result both the stand 
and the stage are provided with leveling-screws, as shown in 
Fig. 1. For leveling the stage a small spirit-level may be placed 
upon it, or better, upon the sample under examination, and the 
necessary adjustment quickly made. For leveling the micro- 
scope-stand the eye-piece should be removed, the small level 
placed on top of the tube and the leveling-screws adjusted. By 
placing the instruments on a table or desk having a smooth and 
flat top, it is evident that, barring accidents, the stand and 
stage will remain indefinitely accurately leveled. 

Motion of the Stage. — In order to examine the entire surface 
of a large specimen it is necessary to bring in turn within the 
field of the microscope the different portions of the specimen, 
and this necessitates the moving of the stage in various direc- 
tions. The weight of the stage, however, would create con- 
siderable friction between the legs and the supporting table, 
making the sliding-motion jerky and otherwise unsteady. To 
overcome this difficulty the back leg of the stage is provided 
with a small wheel running in a groove cut in a small brass 
plate fastened to the table or desk, shown in Fig. 3. The 
mounting of the wheel is provided with a pivot fitting snugly 
into a hole in the leg. This construction makes possible the 
ready back-and-forth motion of the stage, as well as its free 
circular displacement around the axis of the back leg, thus per- 
mitting to bring quickly any desired portion of the object under 
the objective. As the bulk of the weight is supported by the 
back leg, the arrangement makes possible a very steady and 
smooth motion of the stage. 

Mechanical Stage. — The use of a mechanical stage is often 
highly desirable. This is taken care of in the present instru- 
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ment in two difierent ways: (1) by the use of a mechanical 
stage suitably attached to the electro-magnetic stage, and (2) 
by the use of a mechanical stage independently mounted on a 
separate base of the usual horseshoe pattern. 

The first method is illustrated in Fig. 4. A mechanical stage 
of usual construction is screwed on a brass plate provided with 
two small pins fitting two corresponding holes in the magnetic 
stage, thus securing a firm and constant position for the me- 
chanical stage. When using a mechanical stage, however, a 
rigid and constant position should also be secured between it 
and the microscope- stand. To that effect a brass plate is pro- 
vided, with recesses to receive the back legs of the stand as 
well as the front legs of the stage, shown in Fig. 4. It is then 
possible at any time to place the microscope-stand and the 
stage in exactly the same relative positions. 

The second method consists in the use of a mechanical stage 
separately mounted on an ordinary horseshoe base, shown in 
Fig, 5. To secure a constant relative position between stand 
and stage, the foot of the latter fits into recesses provided for 
that purpose in the base-plate. 

The use of this independently mounted mechanical stage 
offers the additional advantage resulting from the vertical up- 
and-down racking of the stage, rendering unnecessary any 
vertical adjustment of the light and condenser, as well under- 
stood by metallographists. 

Specimen-Holder for Mechanical Stage , — When using a me- 
chanical stage the electro-magnetism of the large stage cannot 
be utilized for suspending the specimens. In this case, how- 
ever, the specimens are necessarily small, and the small per- 
manent steel magnet illustrated in Figs. 6 and 7 is in every 
way satisfactory. The central opening of the stage should not 
be less than 1| in. in diameter, as this will permit the ready 
suspension of the specimens as well as their removal from the 
stage, making it unnecessary ever to remove the magnetic 
specimen-holder, which is clipped to the stage like any ordinary 
slide. A thin templet is provided, as shown in Fig, 7, for the 
examination of very small specimens by high-power objectives 
when the front lens of the objective must approach the object 
very closely indeed. 

In case of non-magnetic specimens, the holders shown in 
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Fig. 8, and wHcli have been so widely used for many years, 
will be found most satisfactory. 

JExaminaiion of Transparent Objects . — To adapt the universal 
metalloseope to the examination of transparent objects, thereby 
converting it into an ordinary microscope, or, if desired, into a 
petrographical microscope, a separate stage on horseshoe base 
should be used, as shown in Fig. 5, when the necessary Abbe 
condenser, analyzer, polarizer, etc., can readily be attached. 
The instrument is then in no way inferior to high-class micro- 
scopes for examination by transmitted oi polarized light. 

Illumination . — Artificial illumination is universally used for 
the examination of metals, the sources of light which have 
been found most satisfactory being, in the order of their excel- 
lence, intensity, and decreasing cost : (1) the electric-arc lamp, 
(2) the Fernst lamp, and (8) the Welsbach gas-lamp. 

The Welsbach lamp outfit is very inexpensive and quite 
satisfactory for visual examination by low- and medium high- 
power objectives. In taking photo-micrographs, however, its 
lack of intensity necessitates very long exposures, while with 
high-power objectives the light received upon the camera- 
screen is so faint as to render proper focusing of the object a 
very diflScult, if not impossible, operation. The electric-arc 
lamp provides by far the best means of illuminating metallic 
samples. Its great intensity makes possible visual examination, 
as well as photography with the highest-power objectives, while 
the exposures often last but a second or two and seldom, if 
ever, more than one minute, unless indeed colored screens be 
used. The Fernst lamp occupies an intermediate position be- 
tween the Welsbach lamp and the arc-light both in regard to 
cost and excellence. The light proceeding from these various 
sources must, of course, be suitably collected and condensed by 
lenses, and in the case of the arc-lamp a cooling-cell (filled with 
water) must also be provided lest the heat of the focused rays 
cause injury to the objectives. Iris diaphragms and shutters 
are also frequently placed in the path of light so that the 
amount of it entering the objective may be controlled and 
greater sharpness secured. 

The Camera . — ^For the taking of photo-micrographs a camera 
with the necessary light-tight connection, and advisably with 
Iris diaphragm and automatic shutter, must be provided. It 
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should be so constructed and disposed that connection with the 
microscope can be quickly made without disturbing any of the 
optical parts of the microscope or illuminating outfit. 

In Fig. 9 the universal metalloscope is shown in connection 
with a Nernst lamp illuminating outfit and a vertical camera, 
while in Fig. 10 the metalloscope is illustrated with an electric- 
arc lamp and a camera in a horizontal position. There can 
be no doubt but the vertical is the correct position for the 
microscope, while the horizontal position offers serious advan- 
tages in case of the camera. Heretofore both microscope and 
camera had to be placed vertically or both horizontally, the 
microscopist having to put up with the inconveniences of a 
vertical camera or of a horizontal microscope. In the dis- 
position shown in Fig. 10 this has been overcome by the use of 
a totally-reflecting prism of large dimensions fitted to the 
camera, and which can readily be brought over the eye-piece 
when it is desired to take a photograph, without disturbing 
any of the optical parts. The image is then sharply focused 
on the screen by turning a pulley fastened to the camera-standard 
near the screen and connected by a silk thread with the tine 
adjustment of the microscope. 

The placing of the arc-lamp on the same side of the micro- 
scope as the camera is another important departure, making it 
possible for the operator while sitting at the screen to reach 
with his right hand the various adjustments of the lamp, thus 
securing maximum intensity and uniformity of illumination, 
two points so essential in taking photo-micrographs. 


yoL. xLii. — 37 
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Apparatus for Metallography. 

BY CARLE R. HAYWARD,* BOSTON, MASS. 

(Wilkes-Barre Meeting, June, 1911.) 

The growing importance of metallography has caused a cor- 
responding interest in the improvement of apparatus for pre- 
paring specimens of metals and alloys for microscopic exami- 
nation. 

The purpose of this paper is to describe an electric heating- 
furnace, a grinding- and polishing-machine, and a device for 
mounting specimens, which are used in the metallographical 
work at the Massachusetts Institute of Technology. These 
three pieces of apparatus were designed and made in the labora- 
tory of the Institute, and each possesses some original features 
which may be of interest. 

Electric Heating-Furnace. 

The accurate control of heat necessary for metallographic 
work is best obtained by the electric-resistance furnace. Un- 
fortunately, however, even the platinum-wound furnaces dete- 
riorate with use and ultimately burn out, while the cheaper 
resistance-materials are often short-lived. Since the resist- 
ance-coil must be replaced from time to time, it is of advan- 
tage to be able to make this change with as little trouble as 
possible, and this is an important feature in the furnace shown 
in Fig. 1. 

M is a cylindrical galvanized-iron can, with two handles, B. 
A porcelain tube, G, passes through the central hole in the 
cover of the can and rests upon the asbestos disk, D; the bot- 
tom of the tube is held in place by the asbestos ring, B. The 
space, F, around the tube is filled with powdered magnesia. 
G is an ordinary assay-crucible, with the cover inverted so as 
to present a smooth top for supporting a second porcelain tube, 
E. The latter is wound with “ Exeello ” resistance-tape, 0.014 


* Massachusetts Institute of Technology. 
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ia. thick by 0.25 in. wide, the ends of which are shown at 1. 
The spaces (0.1 in.) between the turns of tape are filled in with 
a paste made by moistening alumina with water-glass, which 
hardens and prevents contact between the adjacent coils. Both 
leads are insulated from the top of the can by asbestos cloth, 
and the one connecting with the bottom of the heating-coil is 
insulated by porcelain (not shown in sketch). 



An asbestos ring, J, hardened by a coating of water-glass, 
covers the space between the two porcelain tubes, and an as- 
bestos disk, jST, provided with a hole, L, for admitting the 
pyrometer-tube, serves as an inner cover to the heating-cham- 
ber. "When the pyrometer is not in use, the clay covers, M 
and N, are placed in the positions indicated. The vessel in 
which the fusion is made is supported at the center of the 
heating-zone by the inverted cylindrical crucible, 0. 

A prepared inner tube is kept on hand for use in case of 
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accident to tke one in the furnace; the exchange can be made 
in a few minutes. 

Starting with the furnace cold, a temperature of 1,000° 0. 
can be obtained in 2 hr. on the 110-volt circuit. The current 
is kept low (from 4 to 6 amperes) at first, to warm the tubes 
slowly, but it is gradually increased to 11 amperes, which is 
sufBcient to maintain the temperature constant at 1,000° 0. 
Since the furnace has been in use there has been no occasion 
to exceed this temperature, but there is no doubt but what 
1,100° 0. or more can be obtained. The coil now in use has 
been run intermittently for 240 hr. at 1,000° 0., and about the 
same total time at 800° 0. 

Grinding- and Polishing-Maohine. 

Polishing specimens is always a vital subject for the metal- 
lographist, and any method which shortens the time or secures 
better results is of interest. 

Several designs of mechanical polishers are on the market, 
the most common being the Sauveur machine, which has two 
disks revolving in a vertical plane, the faces of which allow the 
specimen to be prepared in four successive steps. The two 
main objections to this type of wheel, viz., the difficulty of 
applying the water and polishing-powder satisfactorily and the 
disadvantage of holding the specimen against the vertical wheel, 
can be overcome by using a disk revolving in a horizontal 
plane. Such a machine, used in the laboratory of the IJniver- 
sity of "Wisconsin, ‘ is said to give excellent results, as does the 
one recently installed in th.e laboratory of the Massachusetts 
Institute of Technology, shown in Pigs. 2 and 3. 

Fig. 2 shows a section of the machine with one of the polish- 
ing-disks in position. The disk, A, is made of cast aluminum, 
and to it is fastened a steel disk, B, by means of screws. These 
screws are counter-sunk, and the space above their heads is 
filled in with solder. The steel disk, and also the iron support- 
ing-disk C, are tapped to fit the threaded head of shaft D. 
Each disk is provided with 10 iron points, for holding .the 
■cloth cover in place. To adapt the machine for grinding, disks 
A and B are removed and an emery wheel is fitted over the 


^ Ektkochrniical and Mdallurgical toL viL, No. 1, p. 15 (Jan., 1909). 
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top of shaft X); and fastened by means of an iron cap, and a 
bolt, which is screwed into the top of the shaft. 

The power is transmitted by a belt to pulley JX, keyed to 
horizontal steel shaft, and thence by bevel-gears, to 
vertical steel shaft, D, The vertical shaft is supported by a 
collar, cast in one with the iron frame, which is bolted to the 
iron base. The lower supports for the horizontal shaft form 
part of the base. The bearings are of babbitt metal. The 
sheet-iron shield, J, which is supported by the standards, J and 



Fig. 2.— Section op Grinding- and Polishing-Machine. 

jfiT, has a trough, i, extending around the bottom, provided 
with a spout, Jf, to which a piece of hose may be attached for 
carrying off the water used in grinding and polishing. 

Fig. 3 shows the machine in position for use. The polisher, 
J., and the motor, X, are bolted to the top of cabinet, 0, which 
has a drawer for holding the grinding- and polishing-disks and 
a cupboard for extra cloths, bottles of polishing-materials, etc. 
On a shelf above the cabinet are placed four bottles, D, one of 
which contains clear water, and the others, water holding in sus- 
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pension flour-emery, tripoli-powder, and rouge, respectively. 
Through one of the three holes in the rubber stopper is passed 
a glass tube, E, to admit a jet of air for keeping the polishing- 
powder in suspension. Through another hole passes the glass 
tube, F, which, with the rubber tube, G, acts as__ a siphon for 
carrying the solution to the polishing-disk. The rubber tube is 
supported by slots in the wooden arms, S and J, and termi- 



PiG. 3 . — Grinding- and Polishing-Machine in Position for Use. 


nates in a glass tip, K, directly above the center of the disk. 
The flow of the solution is regulated by the pinch-cook, J. 

The mode of operation is as follows : 

The emery-wheel is put in position, the tube from the 
water-bottle placed on the arms, R and I, Fig. 8, and the 
motor started. The disk rotates at 1,800 rev. per min., and 
quickly grinds a level surface on the specimen. The motor is 
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then stopped, the emery-wheel removed, and the aluminum 
disk, covered with canvas, put in position, Fig. 2. The tube 
from the bottle containing flour-emery suspended in water is 
now placed on the arms, H and J, and the motor started. This 
process is repeated with two more aluminum disks covered 
with broadcloth and kept moistened with solution from the 
tripoli-powder and rouge bottles respectively. The specimen 
may be finally cleaned on the rouge-wheel by moistening with 
clear water instead of rouge emulsion. 

The method used for attaching the aluminum disks to the 
shaft leaves the entire surface available for polishing, which is 
not possible when a cap is used such as is required by the 
emery-wheel. 

New cloths may be easily placed on the aluminum disks by 
simply stretching them over the surface and hooking them on 
the pins, jB', Fig. 2. 

The disks are easily removed, and when not in use are kept 
in the cabinet away from dust. 

The machine, as described above, was designed to be belted 
to shafting, and where several machines are required, the ex- 
pense of separate motors may be obviated by doing this ,• but 
where only one machine is necessary, it would undoubtedly be 
more satisfactory to dispense with the gears and horizontal 
shaft, and couple the upright shaft directly to a motor with a 
vertical armature. 

Other improvements and modifications would undoubtedly 
suggest themselves after longer use. 

Mounting-Device. 

In order to obtain good results in making photo-micrographs, 
the surface of the specimen must be perpendicular to the axis 
of the microscope. Various devices for obtaining this end 
have been proposed from time to time, each of which has some 
good features. The specimen-mounter used in the laboratory 
of the Massachusetts Institute of Technology, Fig. 4, is a modi- 
fication of that recommended by G. H. Gulliver.^ A piece 
of 2-in. iron pipe, A, is threaded upon the iron standard, jB,the 
upper surface of which is made parallel with the plane of the 


2 Metallic Alloys (Lippincott, PliiladelpLia, 1908). 
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top of the pipe. When the apparatus is to be used, the top of 
the standard is covered with a clean piece of paper and the 
specimen placed face down upon it ; the pipe is then turned 
up or down until the distance between the highest point on 
the base of the specimen and the plane of the top of the pipe 
is about i to in. Finally, a piece of glass, C, to which is 
attached some plastic wax, D, is placed above the specimen, JS, 
and pressed down upon the top of the pipe, thus imbedding 




Fig. 4.— Device fob Mounting Specimens. 

the base of the specimen in the wax. It is evident that the 
surface of the specimen thus mounted is parallel to the glass 
base, and therefore will be parallel to the stage of the micro- 
scope. Such a mounting-device is easily constructed, and 
gives excellent satisfaction as an accessory to a vertical micro- 
scope, as it can be quickly adjusted to take specimens having 
different sizes. 
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Biographical Notice of Samuel Franklin Emmons, 

BY GEORGE F BECKER, WASHINGTON, D C. 

(San Francisco Meeting, Octobe.r, 1911.) 

A MERE record of Emmons’s professional career would very 
inadequately represent the man. That he was eminent we 
know, and our successors will realize in due time; but they 
must depend upon us for knowledge of a singularly wholesome, 
modest, unselfish personality, and of a character that did honor 
to a profession in which trustworthiness is indispensable. Those 
members of the Institute who met Emmons are his friends, and 
I never knew one of these who was not the better for that 
friendship. 

Emmons was born in Boston, Mar. 29, 1841, the son of 
Nathaniel H. and Elizabeth (Wales) Emmons, and was named 
Samuel Franklin after an ancestor who was of the same family 
as Benjamin Franklin. He took the degree of Bachelor of 
Arts at Harvard in 1861, and soon afterwards went abroad to 
complete his education. From 1862 to 1864 he attended the 
courses at theficoleimperiale des Mines at Paris, filie de Beau- 
mont and Daubree being among his professors. The year 
1864-1865 he spent at Freiberg under Cotta and other famous 
teachers; after which he spent another year in traveling 
through Europe. Like many other renowned geologists, he 
approached his ultimate profession from its economic side, and 
was thus from the first imbued with a sense of high responsi- 
bility in the promulgation of scientific opinions or conclusions. 
With hypotheses which were interesting merely because they 
were ingenious or even plausible, he would have nothing to do. 

In 1867 he joined the Geological Exploration of the Fortieth 
Parallel at its organization under Clarence King, serving at 
first as a volunteer, but soon receiving a regular appointment. 
This expedition was the first one of purely geological character 
sent out by the United States government. As Emmons has 
shown in his admirable presidential address on ‘‘ The Geology 
of Government Explorations,” its wofk was founded on a com- 
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plete and comprehensive plan, adopted before taking the field, 
and systematically followed in all essential features during 
the ten years of its existence. This plan aimed at the highest 
efficiency compatible with prompt completion. It was im- 
portant from every point of view that the broad outlines of the 
geology and mineral resources of the belt of country to be 
opened up by the completion of the transcontinental railway 
should be made known as soon as practicable. To execute a 
final, detailed survey under such conditions was impossible; 
and for this reason the work was called an exploration, but as 
a first approximation to the truth the intention was to make it 
irreproachable in methods and in symmetry. The best experts 
to be had were secured; contour-mapping as a basis for geo- 
logical work was introduced for the first time in this country 
and, when lithological collections had accumulated, a well- 
known European petrographer was engaged to discuss them 
by the new microscopic methods, then wholly unfamiliar to 
American geologists. Emmons’s associates as assistant geolo- 
gists were our late eminent colleague James D. Hague, and his 
brother, Mr. Arnold Hague. The expedition started in 1867 
from Sacramento; and it will help our younger brethren to 
grasp the changes which have taken place in the civilization 
of the West to be reminded that an escort of 30 regular 
soldiers was needed in that year to protect the civilians from 
hostile Indians. 

To realize how hard the men worked, it is only needful to 
glance at the Fortieth Parallel memoirs and maps, but shoot- 
ing was an available recreation, and afforded a legitimate means 
of varying a monotonous diet. There was one particularly 
good bear-story which Dr. Raymond has recorded in his notice 
of King in Emmons’s own words.^ Of this Dr. Raymond writes 
me : 

‘‘King, who always reaped the glory which his splendid audacity deserved, 
killed the hear ; but the story shows that Emmons was posted at the other end of 
the passage where the wounded bear would have come out, if King’s shot in the 
dark had not been fatal ! ” 

One of the rules of the Fortieth Parallel Survey was, that its 

1 Capt. John Mullan’s Eeport on the Construction of a Military Road, 1863, 
contained contour sketch-maps surveyed and drawn by Theodore Kolecki. 

2 !Frms.j xxxiii., 633 (1903). 
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members should be as civilized as practicable, especially at 
meals. The men believed in a good and varied diet, well- 
cooked and served; and, when the accounting-oflSicers of the 
War Department demurred at passing a bill for currant-jelly, 
they were met with a threat to charge up at the rate of beef 
the venison furnished by members of the mess. By such 
means the geologists preserved both their digestion and their 
adaptability to social life at centers of civilization, in which 
every one of them took a prominent part in later years. 

T\yo episodes in the history of the Exploration of the For- 
tieth Parallel deserve mention. In 1870, the appropriation- 
bills passed too late for a regular season of field-work, and 
King decided on an examination of the extinct volcanoes of the 
Cascade range. He and Emmons ascended Mt. Shasta, and 
there found the first glaciers recognized within the limits of 
the United States. Later, in the same autumn, Emmons made 
the ascent of Mt. Rainier, where he found much more extensive 
glaciers, which he has very graphically described. Emmons 
made no claim to the first ascent of this great peak, recogniz- 
ing that it had been scaled two months earlier by G-en. Hazard 
Stevens ; but our colleague, who was accompanied by Mr. A. 
D. Wilson, was the first to bring from this dormant volcano 
valuable information on its topography, geology, and glaciology. 
During the same season Mr. Arnold Hague ascended Mt. 
Hood, where he too discovered typical glaciers. 

In 1872 Emmons took part in the exposure of the famous 
diamond swindle. Though strong efforts were made to keep 
secret the locality of the alleged diamond discovery/' King 
made out that it must be in a region which Emmons had sur- 
veyed. They set out together to investigate, and Emmons was 
able to lead the little party to the scene of the crime in Ver- 
million Creek Basin, Wyoming. This had been selected by the 
swindlers because it vras in a nearly waterless region, from 
which almost any expert would retreat at the first possible 
moment. A great financial disaster was averted by the detec- 
tion of this fraud, and it is doubtful whether King could have 
achieved the disclosure without Emmons's knowledge of the 
country. 

In King's Exploration, Mr. Arnold Hague and Emmons had 
charge of the descriptive geology. In 1870 Emmons had con- 
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tributed a chapter on the Toyabe range and some minor notes 
to Vol. III. (Mining Geology). With these exceptions, and 
that of his description of Mt. Rainier, all his work on that sur- 
vey is contained in Vol. II. (Descriptive Geology), printed 
in 1877, and containing nearly 900 pages. In the letter of 
transmittal by the authors the limitations of the work are thus 
emphasized : 

‘at will be readily understood by the reader, from the very title o£ the work, 
that this does not claim to be a systematic survey like those of Europe, based on 
accurate maps, but is rather a geological reconnaissance in an unknown ® 
unexplored region, where geology and topography had to go hand in hand, 
that therefore, while details were often, from the necessities of the case, somewhat 
neglected, it was the general bearing of the leading geological facts that was most 
constantly in our minds.” 

Ifow-a-days, I suppose, no one would think of reading this 
volume through, though it remains an important hook of refer- 
ence. In 1877, however, it was full of news, and Gerhard vom 
Rath, to whom geology (directly and indirectly) owes so much, 
told me in 1888 that it was the interest the Descriptive Geology 
aroused in him which led him to visit the United States. It 
was, I remember, the first work I ever reviewed; and I greatly 
enjoyed the task. 

In accordance with the plan of the Exploration of the 
Fortieth Parallel all the men had constantly to guard against 
two temptations, one being to follow out their problems by de- 
tailed studies at an undue expenditure of time, and the other 
to gain time by slighting important matters in which they 
might happen to feel relatively slight personal interest. There 
can be no doubt that they displayed great self-control ; and in 
my opinion the result was an unrivaled model of a preliminary 
survey in an unknown region. 

It should not be forgotten that the topographic and the 
geologic reconnaissances were executed at substantially the 
same time, so that the geologists rarely had maps in the field 
on which to record their work. This involved keeping in 
mind and in note-books a vast number of detailed observations 
systematically co-ordinated and of a prescribed standard in re- 
spect to generality. Ten years of this sort of thing gave 
Emmons an unusual command of details, and power to marshal 
them mentally without extraneous aid. In short, it was the 
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training in descriptive geology, as he practiced it, which en- 
abled him subsequently to deal with the complexities of Lead- 
ville. 

With the completion of the Descriptive Geology in 1877, the 
connection of its authors with the Fortieth Parallel ceased. 
For the next two years, Emmons devoted himself to a cattle- 
ranch near Cheyenne. The country was still unfenced, and 
great profits were possible in this business, while the active, 
out-door life suited Emmons’s temperament and habits. Even 
after his return to scientific life, he retained his interest in this 
ranch for some years, and kept there a pack of Scotch deer- 
hounds with which he hunted. 

In March, 1879, the government organizations which had 
been carrying on geological reconnaissances were merged in 
the present TJnited States Geological Survey, and King was 
appointed Director, taking his oath of oflice on May 24. As a 
matter of course, a position was ofifered to Emmons, and he 
qualified on August 24. 

In the autumn of that year King summoned Emmons and 
me to Washington, in order to prepare schedules for the ex- 
amination of the precious metal industries under the Tenth 
Census, a task undertaken by the Survey as a matter of 
courtesy to the Census Bureau and as germane to its own 
office. As soon as Emmons arrived, I called* upon him; and 
when, an hour later, King entered the room to introduce us, 
we w^ere already friends. Such we always remained without a 
single misunderstanding. 

It was for each of us a busy and interesting period, and in 
later years a favorite subject for reminiscence. Emmons, 
though of course strong on general geology and lithology, 
was rusty in technical mining and metallurgy, which I had 
been teaching ; and while I had a considerable familiarity with 
ore-deposits, my knowledge of general geology and lithology 
was elementary. Indeed, on joining the Survey, I had stipu- 
lated with the Director that he should call upon me only for 
mining and metallurgical reports. Thus the preparation of 
schedules led to many instructive discussions, carried on with 
the utmost freedom and good-will. We worked hard and 
long. We were in almost daily consultation with King, who 
was well informed on the whole subject, but I do not remember 
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that he ever made any material change in our plans ; and we 
also had prolonged sessions with Q-en. Francis A. Walker, 
Superintendent of the Census, who was thoroughly agreeable 
and agreeably thorough. 

Life was not all work, however. John Hay, then Assistant 
Secretary of State, and King had at Wormley’s a private din- 
ing-room, which they invited Emmons and me to share with 
them. I doubt whether there ever was table-talk more brilliant 
than that to which we listened in that room. Heither Emmons 
nor I said much, but we egged on the other two, and laid little 
plots to get them started on matters we desired to hear dis- 
cussed. King and Hay were intimate friends, and particularly 
well-fitted by differences in temperament and experience to 
complement one another in conversation. Though Hay rarely 
indulged in humor and was not a man of buoyant spirits, he 
was never commonplace or ponderous. He was gifted with 
true wit, whose gleams showed even familiar relations in new 
aspects and revealed relationships among less familiar things. 
He offered, but never obtruded, suggestive reflections grace- 
fully epitomized, and in this intimate companionship disclosed 
the grasp of affairs and breadth of view which were to make 
him a great Secretary of State. As for King, hear Hay ! 

“He was inimitable in many ways : in his inexhaustible fund of wise and witty 
speech ; in his learning, about which his marvellous humor played like summer 
lightning over far horizons ; in his quick and intelligent sympathy, which saw 
the good and amusing in the most unpromising subjects ; in the ease and^ airy 
lightness with which he scattered his jewelled phrases j but above all in his as- 
tonishing power of diflusing happiness wherever he went.” • 

Had those wonderful dinners not been so entertaining they 
might have been considered as etjuivalent to a post-graduate 
course in liberal education. They exerted a lasting influence 
on Emmons and me, expanding our views and adding sym- 
metry to our standards of thought and achievement. 

It was while we were engaged on the Census schedules that 
King completed his plans for the investigation of ore-deposits, 
and placed the work in our charge by the orders quoted in 
Emmons’s introductory chapter to this volume. I was reluct- 
ant to accept the responsibility, and I should have persisted in 


^ Clarence King Memoirs^ p. 131 (1904). 
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refusing it, had not Emmons urged me to make the attempt, 
assuring me in the kindest manner of his co-operation and 
assistance, so far as circumstances might permit. He began to 
cram me immediately ; and, during the field-work in Leadville 
and on the Comstock, we were in constant correspondence on 
every phase of both problems. 

Early in 1880, each of us had to select and instruct a staff of 
young mining engineers who were to collect the statistics and 
technological data under the Census, while at the same time 
we organized and commenced our geological field-work; in 
fact Emmons began on the geology of Leadville just before the 
Ifew Year. 

What little is to be said of the Census work may be said 
here, although it was not completed until Emmons’s abstract of 
his Leadville report had been printed. The purpose of the 
Statistics and Technology of the Precious Metals was to furnish 
mining-men with accurate data of production and a record of 
technical practice in the year 1880, together with such an out- 
line of the geology of the mining-districts as could be prepared 
from material already published, supplemented by the informa- 
tion derived from the reports and collections sent in by the 
experts in the field. It was a harassing piece of work ; and it 
is needless to say that some districts were more competently 
reported than others; but under the circumstances, and on the 
whole, the authors were fairly satisfied with the result. Its 
value would have been enhanced by prompt publication. By 
working at night and on holidays the manuscript and maps 
were completed and transmitted on Feb. 8, 1883; but more 
than a year elapsed before the first galley-proofs reached us ; 
and in the meantime the maps had disappeared from the 
Census Office. I remember exactly how we felt ! 

After King retired from government work, I was placed in 
charge of the Statistics and Technology of the Precious Metals, 
so that for a time I had the honor of counting Emmons nomi- 
nally as my assistant; but of course we worked together as 
before, and no question of subordination was allowed to arise. 
When it came to deciding the order of our names on the title- 
page, however, he said I was in charge and should come first, 
while I maintained that he, as the senior and more experienced, 
should take precedence. As neither would be convinced, I 
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proposed deciding the matter by the tarn of a coin. Thus we 
settled it, standing by the statue of Jackson, in the citj ot 
Washington. He won the toss and I my way. 

In spite of the labor involved in gathering statistics under 
the Census, Emmons pushed the examination of the geology of 
Leadville so energetically that he was able to close his office 
at the camp on Apr. 1, 1881, and to transmit his Abstract of 
a Report on the Geology and Mining Industry of Leadville 
on October 20 of that year. This abstract, which appeared in 
the Second Annual Report of the Director of the JJnited States 
Q-eologveal Survey, is a memoir of 87 pages and contains the 
principal results of the investigation. The publication oi the 
Monograph was delayed by various causes till 1886 ; but his 
main conclusions were not changed in the intervening time.^ 
In the field-work he was assisted by Ernest Jacob, Whitman 
Cross, and W. H. Leffingwell as geologists, and by W. P. Hille- 
brand and Antony Guyard as chemists. 

Emmons’s views of the Leadville ore-deposits, up to the time 
of the publication of his Monograph, may be condensed into 
the following statement : Prior to oxidation, the ores consisted 
of sulphides of lead and silver, zinc and iron, which were de- 
posited by substitution for country-rock, this being as a rule 
limestone or dolomite, but in some instances siliceous in char- 
acter. The ore reached the deposits as hot aqueous solutions 
at high pressures, and came from above. The temperature 
was due to the depth (about 10,000 ft.), and the magmatic heat 
of the intrusive porphyries. The water was of meteoric origin 
and derived its metallic content, perhaps wholly but demon- 
strably in. part, from masses of porphyry which were not neces- 
sarily in juxtaposition with the ore. The principal deposition 
took place at the upper surface of the blue Carboniferous lime- 
stone.® 

Twenty-one years later he returned to the subject with Mr. 
J. D. Irving in a paper on the Downtown District; * and the only 

* In the Abstract Emmons regarded the ore as derived from the porphyries, 
while in the Monograph he considered them as mainly” derived from this 
source- 

® See Abstract, Second Annual Beportj U, S, Geological Survey, p 234 (1882). 
Geology and Mining Industry of Leadville, p. 584 (1886). Also, Trans., xv,, 
138 (1886-87). 

® Bulletin No. 320, XI. S. Geological Survey {1907). 
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important change he was obliged to make was an addition 
rather than a correction. Developments in the intervening 
decades had shown that many, instead of few, ore-bodies 
existed within the mass of the Carboniferous limestone (not 
merely near its upper surface), and also in the Silurian limestone. 
Meanwhile, however, the subject of juvenile or magmatic 
waters, first investigated by Charles Sainte- Claire Deville and 
other French savants^ had been actively studied and discussed, 
so that in 1907 questions arose as to the possible participation 
of such waters in the genesis of the Leadville deposits. How 
far the original sulphides at Leadville were deposited from 
juvenile waters, and whether instances of deposition as a feature 
of contact-metamorphism were to be found there, were still un- 
known. 

This paper by Emmons and Irving was, in fact, a partial ab- 
stract in advance of a monograph by the same authors, in 
which the entire Leadville work was to be revised. Fortu- 
nately the volume was so nearly completed before the senior 
author’s death that Mr. Irving is in a position to finish it 
within a few months. How far it will answer the questions 
which were still open in 1907, I do not know. 

.Leadville presents the most intricate problem of mining- 
geology ever attempted ; for the structure is as complex as the 
chemical history of the deposits. Emmons brought to the 
study of this district a mind trained to carry a vast number of 
observations in due relation to one another; and this enabled 
him to execute a truly monumental work. His Monograph 
has been of enormous importance to miners, for experience 
has shown that its predictions were substantially correct; it 
has been of material advantage to the Geological Survey as an 
evidence of what geology can do for industry ; and it has set 
an example to younger geologists of the mode of treatment 
proper to such a problem. The revision of this great 'work 
after the lapse of 30 years worthily closed his career. 

Having concluded that the Leadville ores were deposited by 
substitution, mainly for limestone, Emmons was led to study 
instances of the replacement by ore of other rocks. Indeed, 
even in his Leadville Abstract of 1882, he had recognized 
limited occurrences of ores substituted for siliceous rock. 
Cases of this kind had been described in Europe by Groddeck 
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and others; but in this country only the native copper of 
Lake Superior had been recognized as pseudomorphic by 
Mr. Pumpelly. Emmons soon found abundant evidence 
capable of interpretation as indicating replacement or meta- 
somatism ill a wide sense; that is to say, he found much 
ore in situations from which even siliceous rocks or minerals 
had been removed. To cover them all, he defined metasoma- 
tism as an interchange of substances, but not necessarily 
molecule by molecule. 

This breadth (perhaps I ought to say looseness) of defini- 
tion was unavoidable unless he had been willing to postpone 
for years the announcement of his results ; for convincing de- 
tailed proof of the various processes active in the alteration 
and impregnation of wall-rocks requires prolonged and difficult 
chemical and microscopical investigation. Among engineers 
the idea, new to many of them, immediately became popular, 
too popular in fact; and at one period there was danger that 
all deposits would be set down without due proof as cases of 
replacement. Some, however, were left to protest; and, after 
a few years, the matter was reduced to proper proportions by 
Mr. Lindgren,’' who, adopting as his criterion the principle 
that the theory of substitution of ore for rock is to be accepted 
only when there is definite evidence of pseudomorphic, mo- 
lecular replacement, worked out his results with great labor 
and discrimination. There can be little doubt that as geolo- 
gical chemistry is elaborated the importance of deposition by 
substitution will be still further recognized, and that studies 
devoted to this subject will shed unexpected light on geo- 
chemical processes.® 

Secondary enrichment of sulphide ores attracted atten- 


^ Trans, ^ xxr,, 596 (1900). 

2 Among the very first observations which I made on the Comstock lode was, 
that much of the pyrite in the wall-rock was pseudomorphic after ferromagnesian 
bisilicates. {Geology of the Comstock Lode, p. 210, 1882.) Emmonses studies 
on replacement led me to examine the quicksilver-mines very closely for 
pseudormophic deposition of cinnabar. In spite of profound alteration of wall- 
rock, attended by other replacements, I found no instance of deposition of cinna- 
bar by substitution for carbonates or silicates. These facts led me to suggest the 
dialytio or osmotic separation of ore-bearing solutions, a hypothesis which is 
thus indirectly due to Emmons. Geobgy of the Quicksilver Deposits of the Paoific 
Slope^ p. 396 (1888), and 3Iineral Besourees of the IT, S, for 1892, U. S. Geological 
Survey, p. 156 (1893). 
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tion in Europe earlier than in this country. The relative- 
affinity of the metals for sulphur was investigated as long ago- 
as 1837, by E. F. Anthon,® but the first application to ore- 
deposits with which I have met is contained in Mr. Joaquin 
Gonzalo’s admirable monograph on Huelva, issued in 1888. 
The secondary deposits of chalcopyrite (occasionally accompa- 
nied by other copper-compounds), and galena, as they are found 
at Rio Tinto, are described by the Spanish geologist as occur- 
ring along lithoclastic fractures in the mass of the pyrite. They 
are attributed to a process of segregation within the mass and 
to the reduction of sulphates percolating downward from the 
zone of oxidation.^® Mr. J. H. L. Yogt, after personal exami- 
nation, entirely assented to Mr. Gonzalo^s views, and pointed 
out subsequently that secondary enrichment is the true mean- 
ing of that familiar old proverb : Es thut kein Gang so gut^ 
Er hat einen eisernen 

Emmons’s own studies on secondary enrichment were begun 
at Butte in 1896 ; and he freely discussed his results in private, 
though they were first published in our Transactions in 1900. 
In this paper, he quotes from that of Yogt, issued the year 
before, but also sets in order a long series of observations of 
his own, which form an extremely important contribution to 
the subject. This is cognate to his other studies on replacement ; 
for his idea of secondary enrichment might be paraphrased as 
the replacement of pyrite by the sulphides of other metals, 
especially copper. 

The idea of secondary enrichment was in the air at the close 
of the last century, and had been very distinctly suggested in 
this country (for instance by Dr. James Douglas), though with- 
out sufficient substantiation. Almost simultaneously with Em- 
mons’s memoir appeared important papers by Messrs. Weed, 
Yan Hise, and Lindgren. 

It is not needful here to pass in review all of Emmons’s 
work. A full list of his papers will be found at the end of this 
notice. All of them are as conscientiously elaborated as those 

® Journal fur prahtische Chemte^ voL x,, p. 333 (1837). See also E. Sclnirinann, 
in Liebig^ 8 Annal&n^ vol. ccxlix., p. 326 (1888). 

Mem. de la Comm, del Mapa Geol6gica de Espafia. De8cripci6n fisica, 
geol6gica y minera de la provincia de Huelva, por Joaquin Gonzalo y TarXn, 
pp. 217 to 220 et passim (1888). 

Zdtschnft fur praktische Oeologie^ pp 241 to 254 (July, 1899). 
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which I have selected for mention on account ot their peculiar 
importance. On the other hand, a few remarks seem appro- 
priate on the tendency and the development of the science 
which he so admirably represented. 

When Clarence King planned the researches of the U. S. 
G-eological Survey into the origin and nature of ore-deposits, 
and placed Emmons and me in charge of them, no one of us 
was in a position to appreciate the multifariousness and intri- 
cacy of the facts which these investigations would disclose ; hut 
before King^s untimely death, the vastness of the task was 
manifest, as well as the necessity for improved methods of in- 
vestigation and for experimental researches of the most funda- 
mental character. 

More than half of the great amount of information now avail- 
able to mining-geologists is due to the use of the microscope, 
armed with which, the eyes of the generation now passing away 
have been a hundred times as sharp as those of their predeces- 
sors. But the microscope is not merely a powerful magnifying- 
glass; it is an instrument of moderate precision, whose use has 
familiarized us with quantitative measurement and stimulated 
us to demand exact methods of geological investigation. 

It is not enough to know the facts, for these alone lead only 
to delusive rules of thumh.’^ We can and must attain a com- 
prehension of the mechanical, chemical, and thermal processes 
which underlie the formation and distribution of ores, as re- 
vealed not only by the microscope, but also by every other 
available method of research. Many of the problems presented 
are of extraordinary difficulty, far exceeding in this respect 
most of those undertaken by professional physicists and chem- 
ists ; but they are not insoluble ; and the limits of our knowledge 
are extended year by year. 

IS”one of us have been more impressed with the necessity for 
such researches than was King, or even Emmons, who regretted 
all his life that he had not a better command of the exacter 
sciences. Let me pass the word on from them that the future 
of the science of ore-deposits depends on investigations of the 
utmost precision into the fundamental principles of geophysics. 
Physics and physical chemistry will be as indispensable to the 
mining-geologist of the future as mineralogy to the petro- 
grapher or zoology to the palaeontologist. It is a duty which 
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the Institute owes to its founders, its members and the world, 
to promote and foster research of this description ; to advance 
as rapidly as possible the day when mining-geologists, no 
longer groping, will comprehend why ore-deposits are what we 
find them to be. 

And now as to the man himself. There is not a geological 
society or even a mining-camp from Arctic Finland to the 
Transvaal, or from Alaska to Australia, where Emmons’s name 
is not honored and his authority recognized; nor is there a 
society of which he was nominally an active member in which 
he was not really active and efficient. Thoroughness and good 
judgment characterized all he did. He had a very high sense 
of responsibility and rarely made his hypotheses public ; yet his 
originality has enriched the science to which his life was de- 
voted. In private life, he was modest to the point of diffidence, 
and many of his old acquaintances scarcely knew of his dis- 
tinction; but none could long enjoy his acquaiutance without 
becoming conscious of the kindness of his heart and the eleva- 
tion of his character. He would not have known how to 
undertake an unworthy action, or how to do a selfish thing. 
His published investigations will live on as sources of knowl- 
edge and models of method ; and in a smaller circle his per- 
sonal example will continue potent for good. 

Emmons died painlessly and unexpectedly in his sleep on 
Mar. 28, 1911, the eve of his seventieth birthday. Thus fitly 
ended a career of useful labor faithfully performed. 


Among the societies to which Emmons belonged, none ap- 
pealed to him more than the American Institute of Mining 
Engineers. He joined us in ISYl, was three times Vice-Presi- 
dent, contributed many papers to the TYamaetions, and was 
always ready to assist in organizing our meetings. He was 
also a member of the National Academy of Sciences, the 
American Philosophical Society, the American Academy of 
Arts and Sciences, the Washington Academy of Sciences, the 
G-eological Society of London, the Geological Society of 
America, the International Congress of Geologists, and the 
Colorado Scientific • Society. He was elected an honorary 
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member of the Soei6t6 Helvetique des Sciences Naturelles, 
and received the degree of Doctor of Sciences from Harvard 
and Columbia. 


List of Scientific Publications of Samuel P. Emmons. 

1870. Geology of Toyabe Range. 

U. S. Geol. Exploration of 40tli Parallel. Vol. III. Mining In- 
dustry. Chap. VI, sect. II, pp. 330-848, with colored geological 
map. 

Geology of Philadelphia or Silver Bend region. 

Ibid., chap. VI, sect. II, pp. 393-396. 

Geology of Egan Canon District. 

Ibid , chap. VI, sect. VI, pp. 445-449. 

1871. Glaciers of Mt. Rainier. 

Amer. Jour. Sci., 3d ser. Vol. I, pp. 161-165. 

1877. The Volcanoes of the D. S. Pacific Coast. 

Address delivered at Chickering Hall, N. Y., Feb. 6, 1877. Jour. 
Amer. Geogr. Soc. Vol. IX, 1876-'7, pp. 44-65. 

1877. Descriptive Q-eology of the 40th Parallel. 

U. S. Geol. Exploration of 40th Parallel. Vol. Ill (with Arnold 
Hague). 4to, pp. 850, with 26 plates and atlas of 11 maps and 2 
section sheets, colored geologically. 

1882. Abstract of Eeport on Geology and Mining Industry of 
Leadville, Colo. 

U. S. Geol. Survey, Second Ann. Eeport. Pp. 203-290, with geo- 
logical colored map and sections. 

1882. The Mining Work of the U. S. Geological Survey. 

Trans. Am. Inst. Mg. Eng’rs. Vol. X, pp. 412-425. 

1883. Geological Sketch of BuflPalo Peaks. 

XT. S. Geol. Survey, Bulletin No. 1, pp. 11-17. 

1883-4. Opportunities for Scientific Research in Colorado. 
Presidental addresses. 

Proc. Colo. Sci. Soc. Vol. I, pp. 1-12 and 57-61. 

1883, Ore Deposition by Replacement. 

Proc. Phil. Soc. Wash’n. Vol. VI, p. 32. 

1884, What Is a Glacier ? 

Proc. Phil. Soc. Wash^n. Vol. VII, p. 37. 

1885, Statistics and Technology of the Precious Metals. 

Tenth Census Keports. Vol. XITI (with G. F. Becker) ; Gov^t 4to, 
541 pages. (Submitted in 1883. ) 
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1886. Geology and Mining Industry of Leadville, Colo. 

U. S. Geol. Survey, Monograph XII, 779 pages and 45 plates, with 
atlas of 35 sheets of maps and sections colored. (Submitted in 
1886.) 

1886. Genesis of Certain Ore-Deposits. 

Trans. Am. Inst. Mg. Eng’rs. Vol. XY, pp. 125-147. 

1886. Notes on Some Colorado Ore Deposits. 

Proc Colo. Sci. Soc. Vol II, pp. 85-105. 

1887. On the Origin of Fissure Veins. 

Ibid., Vol. II, pp. 187-202. 

1887. On Glaciers in the Rocky Mountains. 

Ibid , Vol. II, pp. 211-227. 

1887. Preliminary Notes on Aspen, Colo. 

Ibid., Vol. 11, pp. 251-277. 

1887. Submerged Trees of the Columbia River. 

Science. Vol. XX, pp. 156-167. 

1887. Notes on the Geology of Butte, Mont. 

Trans. Am. Inst. Mg. Eng’rs. Vol. XVI, pp. 49-62. 

1888. Structural Relations of Ore-Deposits. 

Ibid., Vol. XVI, pp. 804-839. 

Same translated into French hj R. A. Bergier. 

R4vue Universelle des Mines. Tome X, ser., 34“® aun., p. 130. 
Lidge et Paris, 1890. 

1888. On Geological Nomenclature. 

Rep. of Am. Com’te Intern. Congress of Geologists, pp. 58-61. 

1889. On Orographic Movements in the Rocky Mountains. 

Bull. Geol. Soc. Am. Vol. I, pp. 246-286. 

1890. Age of Beds in the Boise River Basin, Idaho. 

Proc. Bost. Soc. Nat. Hist. Vol. XXIV, pp. 429-434. 

1890. Notes on Gold-Deposits of Montgomery County, Md, 

Trans Am. Inst. Mg. Eng^rs. Vol. XVHI, pp. 391-411, 

1892. Fluorspar-Deposits of Southern Illinois. 

Ibid., Vol, XXI, pp. 31-53. 

1892. Faulting in Veins. 

Eng’ Pg and Min’g Journal. Vol. LIII, pp. 548-549. 

1893. Compte Rendu de la Session du Oongres G^ologique 

Internationale (Editor). 

Gov’t Printing Office. 629 pages, 21 plates, 39 figures. 

1893. Geological Distribution of the Useful Metals in the 
United States. 

Trans. Am. Inst. Mg. Eng’rs. Vol. XXII, pp. 63-95. 
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1893. Genesis of Ore-Deposits (discussion). 

Trans. Am. Inst. Mg. Eng’rs. Vol. XXIII, pp. 597-602. 

1893. Progress of the Precious Metal Industry in the IJ, S. 

U. S. Geol. Survey. Mineral Besources for 1902, pp. 46-94 ; also in 
Report of the Director of the Mint for 1893, pp. 117-141. 

1894. Geological Guide Book to the Rocky Mountains. 

John Wiley & Sons, New York. 

1894. Geology of Lower California (with G. P. Merrill). 

Bull. Geol. Soc. Am. Vol. V, pp. 489-514. 

1894. Geology and Mineral Resources of the Elk Mountains, 

Colo. 

D. S. Geol. Survey. Folio 9. Explanatory text. 

1895. Geology of the Mercur Mining District, Utah. 

TJ. S. Geol. Survey. 16th Ann. Report, pp. 349-869. 

1896. Geological Literature of the South African Republic. 

Journal of Geology. Vol. 4, pp. 1-22. 

1896. Some Mines of Rosita and Silver Cliff, Colo. 

Trans. Am. Inst. Mg. Eng^rs. Vol. XXVI, pp 773-823. 

1896. The Mines of Custer County, Colo. 

U. S. Geol. Survey. 17th Ann. Report, part II, pp. 411-472. 

1896. Geology of the Denver Basin in Colorado (with W. 

Cross and G. E. Eldridge). 

D. S. Geol. Survey, Monograph XXVII, 4to, 526 pages, with 31 
plates, 102 figures. 

1897. The Geology of Government Explorations (Presidential 

address before the Geological Society of Wash- 
ington, December, 1896). 

Science, n. s. Vol. V, pp. 1-16 and 42-51. 

1897. Economic Geology of the Butte District, Mont. 

D. S. Geol. Survey. Folio No. 38. Explanatory text. 

1897. Physiography of the West Coast of Peru, S. A. 

Science, n. s. Vol. V, p. 889. 

1897. The Origin of Green River. 

Science, n. s. Vol. VI, pp. 19-21. 

1898. Geology of the Ten-mile District, Colorado. 

V. S. Geol. Survey. Geol. Atlas of the U. S., Folio No. 48. Ex- 
planatory text. 

1898. Map of Alaska: Its Geography and Geology, 

U, S. Geol. Survey. 44 pages and geol. maps. Special report to the 
Fifty-fifth Congress, 2d session. 

1898. Geology of the Aspen Mining District, Colorado. 

U. S. Q-eol. Survey, Monograph XXXI, pp. xvu-xxxir. Introdne- 
tion. 
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1898. Dr. Don’s Paper on the Genesis of Certain Auriferous 
Lodes (discussion). 

Trans. Am. Inst. Mg. Eng’rs. Yol. XXVII, p. 993. 

1898. A Century of Geography in the United States. 

Science, n. s. Yol. VII, p. 677. 

1898. Geological Excursion Through Southern Russia. 

Trans. Am. Inst. Mg. Eng’rs. Yol. XXYIII, pp. 3-23. 

1899. Plutonic Plugs and Subtuberant Mountains. 

Geol. Soc. Wash^n, and abstract in Science, n. s. Yol. X, pp. 24-25. 

1900. Secondary Enrichment of Ore-Deposits. 

Trans. Am. Inst. Mg. Eng’rs. Yol. XXX, pp. 177-217. Ibid., 
Genesis of Ore-Deposits (1902), pp 199-204, 433-47.3, 756-762. 

1900. Eeview of Kemp’s Ore Deposits of the United States, 

Science, n. s. Yol. XI, pp. 503-505. 

1901. The Delamar and Horn-Silver Mines : Two types of 

ore-deposits in the deserts of Kevada and Utah. 
Trans. Am. Inst Mg. Eng’rs. Yol. XXXI, pp 658-683. 

1901. The Sierra Mojada and its Ore-Deposits (discussion). 

Trans. Am. Inst. Mg. Eng’rs. Yol. XXXI, pp. 953-959. Mexican 
volume XXXII, pp. 566-567 

1901. Clarence King — A Memorial. 

Eng. and Mg Jour. Yol. 73, pp. 3-5. Dec. 28, 1901. 

1902. Biography of Clarence King. 

Amer. Jour. Sci., 4th ser. Yol. 13, pp. 224-237. 

1902. The U. S. Geol. Survey in its Relation to the Practical 
Miner. 

Eng, and Mg. Jour. Yol. 74, p. 43. 

1902. Sulphidische Lagenstatten vom Cap Garonne. 

Zeitsch. f. Prak. Geol. Yol. X, p. 126. 

1902. On the Secondary Enrichment of Ore-Deposits (dis- 
cussion). 

Trans. Am. Inst. Mg. Eng’rs. Yol. XXXIII, p. 1058. 

1902. On the Hydrostatic Level Attained by the Ore-De- 

positing Solutions in Certain Mining Districts of 
the Great Salt Lake Basin (discussion). 

Trans. Am. Inst. Mg Eng^rs. Yol. XXXIII, p, 1062. 

1903. Reminiscences of Clarence King. 

Trans. Am. Inst. Mg. Eng^rs. Yol. XXXIII, pp. 633-634, G36-63S, 
643. 

1908. Drainage of the Valley of Mexico. 

Geol. Soc. Wash’n, and Science, n. s. Yol. 17, p. 309. 
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1908. Little Cottonwood Granite Body of tLe'Wasatcli Moun- 
tains. 

Am. Jour. Sei., 4th ser. Vol. XVI, pp. 139-147. 

1903. Contributions to Economic Geology, 1902 (introduc- 

tion). 

U. S. Geol. Survey, Bull. No. 213, pp. 15-30 ; also 94-98. 

1904. Theories of Ore Deposition, Historically Considered. 

Bull. Geol. Soo. Am. (Presidential address). Vol. 16, pp. 1-28 ; also 
Eng. and Mg. Jour. Vol. 77, pp. 117, 167, 199, 237 ; also Smith- 
sonian Eeport for 1904, 

1904. Contribution to Economic Geology, 1903. Metal- 
liferous Ores. 

U. S. Geol. Survey, Bull. No. 225, pp. 18-24. 

1904. Economic Resources of the Northern Black Hills, by J. 

D. Irving, with contributions by S. E. Emmons 
and T. A. Jaggar, Jr, 

XJ. S. Geological Survey, Prof. Paper No. 26. 222 pp. 

1904. Clarence King, geologist. 

[In The Century Association, New York. King Memorial Committee. 
Clarence King Memoirs. The Helmet of Mambrino. N, Y. and 
London.] 

1904. Occurrence of Copper Ores in Carboniferous Limestone 
in the Region of the Grand Canon of the Colorado. 
Abstract: Science, n. s. Vol. XX, pp. 760-761. 

1904. The Virginius Mine. 

Eng. and Mg. Jour. Vol. LXXVII, p, 311, 

1905. Investigation of Metalliferous Ores. 

U. S. Geol. Survey, Bull. No. 260, pp. 19-27. 

1906. Copper in the Red Beds of the Colorado Plateau 

Region. 

TJ. S. Geol. Survey, Bull. No. 260, pp. 221-132. 

1905. The Cactus Copper Mine, Utah. 

U. 8. GeoL Survey, Bull. No. 260, pp. 242-248. 

1905. Contributions to Economic Geology, 1904. 

In U. S. Geol. Survey, Bull. No. 260. 

1906. Economic Geology of the Bingham Mining District, 

Utah, by J. M. Boutwell ; with a section on areal 
geology by Arthur Keith, and an introduction on 
general geology by S. E. Emmons. 

U. S. Geological Survey, Prof. Paper No. 38. 413 pp. 

1906. What is a Fissure Vein? 

Econ. Geology. Vol. I, No. 4, pp. 385-387. 
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1906. A Map and a Cross Section of the Downtown District 
of Leadville, Colo. 

Abstract: Science, n, s. Vol. XXIII, pp.|816-817. 

1906. Useful Definitions. 

Mm. and Sci. Press. Vol. LXLIII, pp. 356-366 ; proper use of mining 
terms. Min. World. Vol. XXV, No. 24, p. 715. 

1906. Los Pilares Mine, Uacozari, Mexico. 

Econ. Geol. Vol. I., No. 7, pp. 629-643; Abstract: Eng. and Min. 
Jour. Vol. LXXXII, pp. 1066-1067. 

1906. Contributions to Economic Geology, 1905 ; Investiga- 

tion of Metalliferous Ores. 

U. S. Geol. Survey, Bull. No. 285, pp. 14-19. 

1907. Biographical Notice of George H. Eldridge. 

Trans. Am. Inst. Min. Eng’rs. Vol. XXXVII, pp. 889-340. 

1907. Uinta Mountains. 

Geol. Soc. Amer., Bull. Vol. XVIII, pp. 287-802. 

1907. The Downtown District of Leadville, Colo., by S. P. 
Emmons and J. D. Irving. 

U. S. Geol. Survey, Bull. No. 320. 75 pp. 

1907. Geological Structure of the Uinta Mountains. 

Abstract : Science, n. s. Vol. XXV, pp. 767-768. 

1907. Investigations of Metalliferous Ores. 

TJ. S. Geol. Survey, Bull. No 316, pp. 14-19. 

1907. Suggestions for Field Observations of Ore Deposits. 

Min. and Sci. Press. Vol. XCV, pp. 18-20. 

1907. Biographical Memoir of Clarence King, 1842-1901. 

Bead before the Nat. Acad. Sci., Apr. 23, 1903. Nat. Acad. Sci., 
Biog. Mem. Vol. VI, pp. 25-55. 

1909. Development of Modern Theories of Cre Deposition. 

Min. and Sci. Press. Vol. XCIX, pp. 400-408. 

1910. Economic Geology in the United States. 

Mining World. Vol. XXX, pp. 1209-1211. June 26, 1909 ; Canadian 
Min. Inst Jour. Vol. XII, pp. 89-101. 

1910. Cananea Mining District of Sonora, Mexico. 

Econ. Geology. Vol. V, No. 4, pp. 312-366. Abstract ; Eng. and 
Min. Jour. Vol. XC, pp. 402-404. 

1910. The Cobalt Mining District of Ontario. 

Abstract : Science, n. s. Vol. XXXI, p. 517. 

1910. Criteria of Downward Sulphide Enrichment (discus- 
sion). 

Econ. Geology. Vol. V, No. 6, pp. 477-479. 
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The Fritz Engineering and the Coxe Mining Laboratories 
of Lehigh University. 

BY JOSEPH DANIELS,* SOUTH BETHLEHEM, PA. 

(San Francisco Meeting, October, 1911.) 

L The Fritz Engineering Laboratory. 

The Fritz Engineering Laboratory was built under the di- 
rection of John Fritz, and presented by him to the University. 
A view of the building, looking east, is shown in Fig. 1. The 
building was started in 1909, and completed in 1910, although 
all of the etjuipment was not placed until later. Mr. Fritz 
gave his personal attention to the details of construction and 
equipment, and it was his custom to drive over every day to 
the University from his home in Bethlehem and spend some 
hours watching the work, offering suggestions, making changes, 
and planning new work. The result is a building and an 
equipment which embody his practical ideas. 

The laboratory structure is of the steel mill-building type, 
of light-colored brick, 91 by 114 ft., of which a section is 
shown in Fig. 2 and the floor-plan in Fig. 8. The steel frame 
carries the roof and traveling crane-way. Ample light has 
been provided by numerous windows in the side and end 
walls, in the clerestory, and by a skylight 84 ft. long and 9 ft. 
wide in the north roof. The main aisle of the building is 49 
ft. 2 in. between centers of crane-columns, and has a clear 
height of 40 ft. The remainder of the width is taken up by 
two side aisles, 18 ft. high. 

The laboratory consists of four sections : (1) A general test- 
ing-section containing the testing-machinery, a small machine 
shop, and an office; (2) a cement-testing room; (8) a room for 
making and storing concrete test-specimens ; (4) a hydraulic 
section. 


* Associate Professor of Mining Engineering. 
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Fig. 2. — Sectioh of Fjritz Engineering Laboratory 
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1. The Testing-Section. 

This section, Pigs. 4 and 5, occupies the larger part of the west- 
ern end of the building and contains all of the testing-machines 
except the briquette-machines, which are in the cement section. 
Por facility in handling the test-specimens, a 10-ton crane, 47 ft. 



2 in. center to center of runway beams, operated by three 
direct-current motors, has been provided. A small machine- 
shop, containing a drill-press, lathe, milling-machine, shaper, 
etc., operated by a 7.6-h-p. motor, is available for general 
repair-work. 






Fig. 1. — The Fritz Engineering Laboratory. 


Fig. 6. — The Coxe Mining Laboratory. 






Fig. 5.— 300, 000- Lb. Olsen Testing- Machine, the Feitz Engineering 

Laboratory. 


Fig. 7. — Cyanide Equipment, Eckley B. Coxe Mining Laboratory. 






Fig. 10. — Jigs, Tbommkls, and Overstrom Table, Eckley B. Coxe Mining 

Laboratory. 



Fig. 11.— Classifiers and Tables, Eckley B. Coxe Mining Laboratory. 
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The principal equipment of the testing-section proper is as 
follows : 


Type of 

Machine. 

Universal, .... 






Capacity 
in Pounds, 

. 800,000 

Universal, .... 






. 300,000 

Universal,. 






. 100,000 

Universal, .... 






50,000 

Universal, . 






60,000 

Universal, .... 






60,000 

Universal, .... 






60,000 

Universal, .... 






50,000 

Tension and compression, . 






20,000 

Wire tester, 






20,000 


Cold bend, 1.5 in. diameter bar. 

Torsion, 24,000 inch-pounds. 

2. The Cement-Testing Hoorn, 

The cement-testing section occupies a separate room on the 
main floor. The equipment consists of tables for making 
cement specimens, storage-tanks, briquette-testing machines, 
and apparatus for making standard cement-tests. 

3. The Concrete-JEloom, 

The concrete-room is under the cement-room, and is used 
for preparing cubes, beams, and cylinders. It is connected 
with the main testing-room by a hatchway, through which the 
heavy specimens may be hoisted into the main room by the 
crane. The equipment consists of bins for sand and stone, 
mixer, and molds. 

4, The Hydravlio Section, 

The hydraulic section occupies the IsTE. portion of the build- 
ing. The lower floor is 10 ft. below, and the second floor, or 
elevated platform, 10 ft. above the testing-room level. 

The equipment on the lower floor consists of 

1 DeLaval centrifugal pump, 2, 000 gal. per min. against 60 ft. head. 

1 Atlantic Hydraulic Machinery Co. centrifugal pump, 200 gal. per min. against 
255 ft. head- 

1 steel pressure-tank — 65.25 in. in diameter by 34 ft. 6 in. high- 

2 steel calibrating-tanks — 8 ft. in diameter by 12 ft. high. 

3 steel weighing-tanks — 4 ft. in diameter by 3 ft. high. 

1 steel Weir tank — 4 by 4 by 21 ft. long. 

1 Trump turbine. 

1 Pelton water* wheel. 

1 Bife hydraulic ram. 
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In addition, the upper platform carries 

1 steel Weir tank — 3 by 3 by 18 ft. long. 

1 steel tank — 6.5 ft. wide, 3 ft. deep, 17.6 ft. long. 

This equipment also includes pressure-, mercury-, oil-, and hook- 
gauges, meters, scales, and so on. 

All electricity for lighting and for power for the testing-mar 
chines and for the pumps is 2-pha8e, 60-cycle, alternating cur- 
rent at 110 and 220 volts. 

The Fritz Laboratory forms part of the equipment of the 
Department of Civil Engineering, in charge of Prof. F. P. 
McKibben, to whom I am indebted for most of the preceding 
data. Instruction in testing and hydraulics is given to students 
in Civil, Mechanical, Mining, Metallurgical, Chemical, and 
Electrical Engineering, and Electrometallurgy in the junior 
year. The equipment is also available for thesis-work in the 
senior year, and for commercial tests on 'materials of con- 
struction. 

n. The Eoklby B. Coxe Mining Laboratory. 

The Coxe Mining Laboratory is the gift of a friend of Lehigh, 
and was so named by the trustees in honor of Eckley B. Coxe, 
at one time an honored President of the American Institute of 
Mining Engineers, and during his life a devoted friend and 
trustee of Lehigh University. 

Ground was broken for the building in October, 1909, and 
erection of machinery and equipment was begun in July, 1910. 
The main part of the equipment was ready for operation in the 
spring of 1911. 

The building, designed by Furness, Evans & Co., of Philar 
delphia, the architects of Drown Memorial Hall, is of dressed 
sandstone in broken range style, steel roof-trusses, and finished 
inside with light Eittanning brick, as shown in Pig. 6. Its 
principal dimensions are 100 by 75 ft., one story high in front, 
and two stories high in back in the main part of the labora- 
tory. The main or central part of the building contains the 
milling laboratory, 40 by 70 ft., built on two floors to secure 
proper fall for the machines ; the two wings, one east and one 
west, are each 30 by 40 ft. The east wing contains a reeita- 
tion-room large enough for 40 students, the department oflSee 
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and library, an instrument-room for mine-surveying outfit ; the 
basement contains a locker- and wash-room. The west wing 
contains room for a small ore-testing laboratory-equipment, such 
as screens, classifiers, tables, etc . ; a chemical laboratory, and 
an assaying-room. 

The laboratory is well lighted by windows extending the full 
height of the walls. In the milling laboratory, in the main 
walls under the eaves, sash-windows, operated from the fioor 
by gearing and chains, furnish ventilation. In the wings, the 
direct-indirect system of heating and ventilation is employed. 
Flaming-are lamps furnish artificial light, and individual lamp- 
sockets are provided for the various machines. Steam is used 
for heating and gas for auxiliary purposes. 

The water-supply comes from the town mains, and is so 
arranged that it can be fed to a pressure-tank of 2,000 gal. 
capacity, or used directly from the mains. Drainage is by 
pump-pits and open floor-drains, all connected to a system of 
piping which discharges into a small creek near the building. 

The framing and machinery have been painted a uniform 
light gray color. The concrete floors and pits have been 
treated with water-proofing paint. 

1. The MiVLing Laboratory. 

This section occupies the two floors of the main part of the 
building. The diflierenee in elevation of these floors is 8.5 
ft., the two floors being connected by steps and by ladders on 
the framing. The heavy crushing-machinery, stamp-battery, 
jigs, tables — all on the upper floor — are erected on substantial 
concrete foundations which extend nearly to the level of the 
lower floor. The upper floor, of reinforced concrete, is inter- 
rupted by the elevator and pump-pits. The ore-bins, feeding- 
platforms for the breaker, stamp-battery and grinding-pan, 
housings for elevators and screens, classifiers and settling-tank 
supports, and the supports for the motors and shafting, are all 
of yellow pine, framed construction. Ladders and floor-planks 
at convenient distances make the entire framework easily 
accessible. 

On the lower floor of the milling laboratory is the cyaniding- 
department. The tanks, zinc-boxes, filter-press, and the a^ta- 
tion-pump are all carried on framing which extends in lifts up 

VOL. XLU. — S9 
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to the level of the upper floor, thus getting a free fall to the 
sump-tanks and circulating-pump placed on the lower floor- 
level, Pig. 7. Typical mill-arrangement and construction, 
as far as practicable in a mining-school laboratory, have been 
followed. 

The present equipment of the laboratory consists of the fol- 
lowing machinery purchased from the Allis-Chalmers Oo., and 
arranged as shown in Pigs. 8 and 9 : 

1 grizzly, 2 by 4 ft. 

1 Gates breaker. 

2 vertical elevators, 6 in. 

1 rolls and wall feeder, 18 by 10 in. 

1 set of 3 trommels, 16 by 24 in. 

3 3-compartment Harz jigs, 9 by 17 in. 

1 Brown conical classifier. 

1 Richards 1-spigot classifier. 

1 Callow settling-tank, 4 ft. 

1 Huntington mill, 3.5 ft. 

1 ChaDenge feeder. 

1 3-stamp battery, 500 lb. 

1 Frue vanner, 4 ft. 

1 Overstrom table, 7 ft. 

1 grinding-pan, 36 in. 

3 Frenier pumps, 6 by 48 in. 

2 centrifugal circulating-pumps, 1.6 in. 

1 water-tank, 2,000 gal. 

3 solution-tanks, 6 by 4 ft. 

3 leaching-tanks, 5 by 4 ft. 

2 agitation-tanks, 6.5 by 5 ft. 

4 gold- and sump-tanks, 4 by 3 ft. 

1 filter-press. 

Zinc-boxes, etc. 

The machinery mentioned above is supplemented by all 
necessary fittings, chutes, pipes, trolley-crawls, blocks, and the 
like. 

The electrical equipment consists of five induction-motors, 
2-phase, 220-volt, 60-cycle, with auto-starters — ^giving a total 
of 60 h-p. Current is obtained from the University Power- 
Station at 2,200 volts, and is stepped down to 110 and 220 
volts for lighting and power purposes. 

The general plan and equipment was intended to show by 
actual example the more important types of ore-dressing ma- 
chinery, and to give a means of demonstrating, by actual runs, 
the common methods of concentrating and treating the ores of 
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gold, silver, copper, lead, and zinc, by methods of coarse or fine 
concentration, amalgamation, or cyaniding. The arrangement 
of machinery, driven by five separate motors, permits tests to 
be made on one or a group of machines, or complete tests as 
a mill-run. 


List of Machines 

1. 2 X I'Guz/ley 

2. No. 0-D Gates Breaker 

3. 6'Vertical Mill- Elevator 

I. Oie-Biu 

5. 12 ''Sty le ‘ H ” Feeder 

6. 18'\ 10"Eeoiiomic Rolls 

7. S'x 30 'Geared Elevator 

8. 16 'x 2l"Revolvmg Screen 

9. IC'x 24:"Revolvmg Scieen 

10. 16 'k 2l"Revolvmg Screen 

II. 15"Smgle Cone Classifier' 

12. S-Compaitment Hartz Jig 
13 3-Corapai*tiiient Hai U Jig 

3 Compaitmeut Hartz Jig 

15 O'k 18"Freniei Pump 

16 3^' Huntington Mill 

17 IS'x 2l"Ore Bin Gate 

18 Challenge Ore- Feeder 

19 3 Stamp 500 lb. Battei y 


List of Machines 
Sl"x 48 '^Copper Plates 
6 'x 48 " Fi enier Pump 
1 Spigot Riehaids Classifier 
4'Callow Settling Tank 
Ovei Strom Table 
4' Fine Vanner 
C'\ 48"Fienier Pump 
36"Qiindmg-Pan 
Leaching- Tanks 
Agitation- Tanks 
Ciiculating-Pump 
Gold-Tanks 
Zinc-Bo\es 
Sump- Tanks 
'Return Solution-Piimp 
Filter- Press 

Diying& Meltmg.Puinace 
Stiong- Solution Tank 
Weak-Solution^ Tank 
Water-Tank 



Fig. 8.— Ore-Dressing Equipment, Eckley B. Gone Mining Laboratory. 


Ore is delivered at the rear end of the laboratory, where it 
may be fed direct to an elevator discharging to the bins, or it 
may be passed over the grizzly, through the Gates breaker, 
and then to the elevator. The bin is divided into two parts, 
one for base-metal ores and one for gold-ores. 
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On the coarse-concentrating side, Fig. 10, the ore is deliv- 
ered by a wall feeder to the rolls, then to the elevator, and to 
the trommels and Brown classifier. This material may be 
jigged, or sent by a Frenier pump to the tables, or delivered 
to the Huntington mill for further reduction. The three jigs 
are three-compartment, Harz type. The crushing-machinery, 
elevators, jigs, apd pump are run by a 30-h-p. motor. 

The gold-ores are delivered to a Challenge feeder ; then fed 
to the stamp-battery and plates. A 6-h-p. motor runs the 
stamp-battery. An amalgam-trap will permit the pulp to pass 
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to a second Frenier pump, which delivers its material to a 
Richards classifier and Callow settler. The classified products 
may be fed to either the Frue vanner, Overstrom table, or 
both. Fig. 11. Material from these machines is dropped to the 
third Frenier pump and sent either to the grinding-pan or 
directly to the agitation- or leaching-tanks. These latter 
machines are operated by a 5-h-p. motor. 

The cyanide-plant consists of three solution-tanks, three 
leaching-tanks, two agitation-tanks connected by a 1.5-in. 
centrifugal circulating-pump, two gold-tanks, eight zinc-boxes, 
one filter-press, two sump-tanks, and a second 1.5-in. eentri- 
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fugal pump to return the solution to the upper tanks. A 2-h-p. 
motor runs this pump ; the other, together with the grinding- 
pan, is run by a 7.5-h-p. motor. The tanks are all of California 
redwood. 

Ore-Testing Laboratory. 

This part of the laboratory, not yet equipped, will eventu- 
ally contain small crushers, rolls, and screens for the reduction 
and sizing of small batches of ore; laboratory-classifiers of 
Eiehards and Munroe types; hand-jigs, and small tables, 
together with all accessory apparatus. 

Assay Laboratory. 

This space is divided into three parts, one for fire-assays, one 
for wet-assays, and one for a balance-room. The instruction 
in assaying at Lehigh is in charge of the Chemistry Depart- 
ment, hence the room and equipment is intended only to 
handle the products of the laboratory. The usual outfit for 
assaying will be found here. 

Library, Museum, etc. 

The general library of the University contains most of the 
general books on mining, but in the department-office there is a 
small reference-library containing most of the books ordinarily 
required by students, all of the mining journals, and an ex- 
cellent collection of catalogues, photographs, and blue-prints 
of mining-machinery. 

The department also has a collection of air-drills, coal- 
cutting machinery, prospecting-drill, tipple-equipment, steel- 
timbering, mine-lamps, and the like, part of which is housed 
in the new building. 


Seoye of Laboratory. 

The purpose of the laboratory is to familiarize the students 
with methods and practice of ore-treatment, and to develop a 
spirit of investigation and research. Instruction, at the present 
time, is given to the students of mining and metallurgy during 
the junior year, and will be extended to include the senior year. 
Lehigh has commonly been regarded as a coal-mining school ; 
but the present equipment places it among those schools 
which also emphasize the metal side of the mining industry. 
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The Newport Iron-Mine. 

BY B. W. VALLAT, IRONWOOD, MIOH. 

(San Francisco Meeting, October, 1911.) 

Tee Newport mine, located at Ironwood, Gogebic county, 
Mich., on the Gogebic iron-range, is owned and operated by 
the Newport Mining Go., for the mining of iron-ore. 

I. Geology. 

The general geology of the Gogebic range has been deter- 
mined and recorded at different times by well-known geolo- 
gists,^ and their work will be referred to briefly in connection 
with the local conditions in the mine. The strike of the forma- 
tion across this property is about 15° north of east. The general 
dip is 68° to the north. At the base of the formation on the 
south lies the granite. Looking north, at right angles to the 
strike of the formation, we have the foot-wall of quartz-slates 
and quartzite about 400 ft. wide; the iron-formation about 800 
ft. wide, and the hanging-wall of black slates. The iron-forma- 
tion is composed of banded jasper and quartzite together with 
iron oxide and concentrations of iron-ore. In character the ore 
IS a soft red hematite, with occasional masses of hard blue “steel 
ore.” The formation is crossed in many places by diorite dikes, 
which cut through at various angles, the larger or main dikes 
dipping into the foot-wall in a SE. direction at angles varying 
from 15° to 30°, while numerous small dikes occur which 
strike through the formation in a vertical plane and at approxi- 
mately right angles to the main dikes. 

There are various theories concerning these dikes, especially 
as to the time of their origin with relation to the ore-deposition. 
The commonly-accepted theory is that the dikes were there 
first, but there are some who contend that they were formed 

^ Irving and Van Hise, Penokee Iron Bearing Series of Michigan, Monograph 
XIX. f U. JS. Geological Survey (1892). C. K. Leith, A Summary of Lake Supe- 
rior Geology, with Special Eeference to Eecent Studies of the Iron-Bearing Series, 
IS am., xyxvi., 101 to 153 (1906). 
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subsequent to the deposition of the ore. "Whatever their 
origin, they are there to-day, and in relation to the ore-bodies 
are of the greatest importance and must be carefully located 
and recorded in the mine-development. It may be said that 
these dikes have been responsible for a prolonged and serious 
interruption in the development of the Gogebic range. Assum- 
ing that the dikes were in place first, the most reasonable 
theory seems to be that of deposition by downward-percolating 
surface-waters carrying the original iron carbonates in solution, 
the iron oxide being precipitated by heat or other agencies as 
these waters became cut oft, or ponded, in their downward 
course by impervious strata in the formation and deflected 
along the lines of least resistance. We know that the diorite 
dikes and foot- wall slates are impervious to water; that what 
w^e term our ‘^main dikes dip into the foot- wall at right 
angles, forming V-shaped troughs with the foot- wall, and a 
natural basin into which the iron-bearing waters would flow. 
Here they find their lateral limits and are backed up, or ponded, 
so that the process of precipitation and concentration is allowed 
to take place within the trough. The ore in the 1^'ewport 
mine, as so far demonstrated by the developments, is found 
deposited on a succession of these dikes underlying one 
another. It has also been found that there is a fault through 
the dikes, about 100 ft. north of the foot-wall, showing a throw 
of about 460 ft. east and west parallel to the foot-wall. This 
fault, found in the upper levels of the old mine some time ago, 
has been definitely located in the main dike on which the ore 
is now being mined. Since this faulting is general through 
the dikes so far encountered, it offers one way for the mineral- 
bearing solutions to get through from one to the other; and 
that each dike carries its own local deposit might be due to the 
fact that the waters of deposition flowing into these eastward- 
pitching troughs and finding their eastern limits, backed up 
towards the west and found their way through the fault-breaks 
in the nature of an overflow on to the next succeeding dikes. 

n. History, 

At the time the present owner purchased this property the 
mining was confined to an ore-deposit lying on a thick dike at 
a depth of about 600 ft. Some diamond-drill holes had been 
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put down into tlie formation below this dike on tbe Newport 
property, but with no encouraging results. Following the 
policy of developing a mine-operation well abead of the winning 
of the ore, it was soon evident that sinking would have to be 
undertaken, and shaft A, the then deepest one, was selected for 
this purpose. The work was started in 1898. At a depth of 
1,000 ft., or the 9th level, a small ore-body was found resting 
upon another dike. The shaft was continued through the dike 
and exposed only barren formation under it. From that time 
the work was carried on in the face of great difidculties and 
most discouraging conditions. Heavy water-flows were en- 
countered, and the shaft drowned-out repeatedly, causing delays 
of days and weeks at a time in its progress. Moreover, it was 
difficult to keep the shaft open in places, due to the treacherous 
and broken-up character of the formation. With no encourage- 
ment in sight, and with the heavy financial drain necessarily 
attached to such conditions, it was persistent determination and 
effort, to say the least, that carried this shaft down a further 
distance of 750 ft. below the dike at the 1,000-ft. level, and 
penetrated the new ore-body, which opened the way to the 
subsequent development of this mine. In the year 1904, or 
six years from the time the work was started at the 7th level, 
the shaft struck into ore at a total depth of 1,800 ft. A theory, 
or opinion, which has been altered by this work is that the 
ores in this district would deteriorate in quality and become 
lean at a depth of from 1,000 to 2,000 ft. This opinion is 
still held by many who perhaps are not acquainted with the 
later developments in the district. Recent development of the 
two bottom levels of the Newport mine has shown up as high 
grade, clean, and concentrated a body of ore as any of the levels 
above, and this at a depth of nearly 2,400 feet. 

III. Equipment. 

The mine is equipped with a modern surface-plant, and new 
equipment of latest design is being added wherever it will in- 
crease the efficiency of the operation. The more important 
units only will be briefly mentioned in order to give a clearer 
idea of the general operation of the mine. The boiler-plant 
consists of six Wickes vertical water-tube boilers, five 250 h-p. 
and one 400 h-p., giving a total boiler-capacity of 1,650 h-p. 
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Each boiler is equipped with Eoney stokers. The coal is 
handled into the boiler-house bins from the trestle stock-pile 
by means of belt-conveyors and a bucket-elevator. The engine- 
house, of brick-and-steel construction, covers an area of 66 by 
163 ft. The plant in this building consists of two Thompson- 
Greer hoisting-engines of the Corliss type, with 24- by 48-in. 
cylinders, each hoist equipped with two tandem circular 
drums, 8 ft. in diameter by 12 ft. face, each drum containing 
individual friction-clutch and brake-gear for the purpose of 
hoisting in balance from any level. One hoist is used for ore 
exclusively, while the other operates the cages for handling 
men, timber, and supplies. Means are provided at the shaft 
for interchanging the cages for skips so that both hoists may 
operate four skips on ore at the same time, if desired. The re- 
mainder of the plant consists of a IsTordberg cross-compound, 
two-stage, air-compressor, of 2,600 cu. ft. capacity, cylinders 16 
in. by 32 in. by 42 in. steam, and 17.6 in. by 29 in, by 42 in. 
air; a Westinghouse 150-kw., 260-volt, generator, direct-con- 
nected to a l^ordberg tandem-compound Corliss engine, 10 in. 
by 20 in. by 36 in. ; a 250-kw., 260-volt, generator, driven by a 
14-in. by 284n. by 36-in, cross-compound Allis-Chalmers en- 
gine; and lastly, a 500-kw. mixed-pressure Curtis turbine 
equipped with an American regenerator and a Wheeler con- 
denser. This equipment, which is a recent installation and 
somewhat new to a mine-operation, furnishes electric power 
for the entire operation, and replaces the reciprocating electric 
units, which are held in reserve. 

It is evident that in the modern simple reciprocating-engines 
we obtain a very low percentage of steam-efficiency, especially 
in the hoisting-engine. For the purpose of utilizing the large 
amount of steam which is exhausted to the atmosphere, and 
converting it into useful power in the form of electric energy, 
the exhaust-steam from the hoisting-engines and compressor 
is conveyed to the turbine through the regenerator, which acts 
as the receiving-and-storage tank. Under normal hoisting- 
conditions there is enough exhaust steam to run the turbine at 
low pressure most of the time, thus generating, at a very small 
cost, electric power sufficient for the entire operation. When 
the low-pressure steam is insufficient to operate the turbine up 
to its required speed, due to inactive intervals between shifts 
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or delays in hoisting, high-pressure steam is automatically sup- 
plied to the high-pressure side of the turbine through a con- 
nection to the main steam-line for this purpose. This arrange- 
ment provides for the continuous operation of the turbine. 

The machine-shop, a new brick-and-steel structure, is equipped 
throughout with individual motor-driven machines of the latest 
type. A new store-house, blacksmith-shop, carpenter-shop, 
laboratory, and hospital, of latest design and equipment, are 
now in course of construction. 

The change-house or dry ” for the men, a brick-and-steel 
building of the latest design, is equipped for the cleanliness 
and comfort of the miners. It is a two-story or double-decked 
building, 82 by 187 ft. in plan; the floors are of concrete, 
graded so as to drain to a central gutter, which enables the 
keepers to flush the floors with a hose daily. The change- 
rooms are provided with shower-baths, stationary wash-basins, 
hot and cold water, and a set of two lockers for each pair of 
men, in order to provide for the safe keeping of the clean and 
working-clothes separately. The lockers are arranged in aisles 
with the open expanded-metal type for clean clothes on one 
side, and the sheet metal or inclosed lockers for working- 
clothes opposite, which latter are equipped with an expanded- 
metal bottom with hot-water heating-coils underneath, providing 
for a circulation of hot air through the locker to a hood at the 
top which leads into a pipe extending to the roof of the build- 
ing. This allows the clothes to dry thoroughly between shifts, 
and at the same time conducts the foul air of the lockers out 
of the building. There are accommodations here for 768 men. 

The above-described equipment pertains to D shaft, which is 
the main operating-shaft of the Newport mine. The shaft-house 
is of steel construction, with pockets and dumping-facilities for 
four skips. Self-dumping skips, each of 6 tons capacity, are used. 
The same general arrangement for handling the ore in the 
shaft-house is used in most of the mines in this and the other 
Lake Superior districts. A general view of the structure is 
shown in Fig. 1, In front of and connected to the shaft-house 
is a steel runway, Fig. 2, carrying a 5-ton electric crane for 
handling heavy timber, supplies, skips, and cages. A railroad- 
track extends under one end of the crane-runway, so that 
heavy material may be handled direct from the car to the shaft 
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Fig. 4.— Plan op the 19th Level Station, D Shaft. 
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very easily. This arrangement is very efficient and important, 
and is a great saver of time and labor. 

IV. Mine-Equipment and Operation. 

The operation of the mine for the past two years has been 
carried on almost entirely through shaft D. This shaft was 
put down in the foot-wall and started soon after the new ore- 
body was penetrated in the A shaft. It is lined with steel 
throughout and lagged with cedar lagging. The general plan 
of the shaft is shown in Eig. 3. The inside dimensions are 6 
ft. by 28 ft. 6 in., divided into four hoisting-compartments, 
each 5 ft. 7 in. by 6 ft., and a ladder-aud-pipe compartment 4 
ft. 4 in. by 6 ft. It lies on the dip of the foot-wall, or at an 
angle of 68®, and is now 2,400 ft. deep, measured on this 
angle. For most of the time two of the hoisting-compart- 
ments are used for ore, and two for cages, all four being 
equipped with a 4-ft. gauge track laid with 60-lb. rails bolted 
direct to the wall-plates, and 6 in. by 8 in. tamarack back- 
runners or guides. 

Before proceeding with a description of the underground 
equipment and the general operation of the mine, I wish 
to mention here the production made at this shaft during 
the year 1910. The total production for the year of 307 
working-days was 1,074,800 tons, or an average of 3,500 
tons per day. The best daily hoist was 6,652 tons in 21 hr., 
and the best month, 112,719 tons, in August. The extreme 
hoisting-distance was 2,400 ft., and the average about 2,150 ft, 
the production coming from four different levels. The maxi- 
mum hoisting-speed was 2,200 ft. per minute. Five separate 
grades of ore were maintained and shipped, and the handling 
of the men, timber, and supplies necessary for the operation 
was also done in this shaft. So far as I know, this is the record 
tonnage-production in this country for a single, deep-mine shaft. 
It must not be construed that this production was made for record 
purposes; on the contrary, it was the natural outcome of a 
heavy yearns requirements for delivery which made an expedi- 
tious .operation imperative. It will, therefore, be of interest to 
know something about the equipment, method of handling, 
and system of mining, which made this production possible 
from one shaft. 
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The main-level stations in the mine, which are established 
in front of the shaft, are equipped with pockets and slides for 
receiving the ore from the mine-cars and loading it into the 
skips for hoisting. These stations and pockets are of steel 
construction, shown in Figs. 4 and 5 of the 19th level station. 



Fig, 5. —-Station and Pockets at 19th Level, D Shaft. 

There are eight receiving-pockets under the floor of the station, 
which take care of the different grades of ore and serve four 
skips, when necessary. The total storage-capacity of the eight 
pockets is 200 tons of ore. Two parallel tracks, laid lengthwise 
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across the station, are connected to the track-system of the 
level. Each track serves a set of four pockets, thus giving a 
pair of pockets for each skip-road. A third track is brought 
in across the station on the 19th level, next to the shaft, for 
timber- and supply-trucks, which can be spotted in front of 
the cages to receive their loads without blocking the ore-traffic. 
Below each pair of shaft-pockets, and directly under the dis- 
charging-chutes, is a secondary pocket, or measuring-slide, for 
each skip-road. These slides hold approximately 6 tons, or a 
full skip-load of ore, and are filled between trips ; that is, while 
a loaded skip is being hoisted to the surface and an empty one 
is returning, a load is measured out from the main pocket 
chute above and is ready, so that the instant the returning 
empty skip touches the shaft-gate, on which the skip rests 
when receiving a_ load, the stop or door of the slide is thrown 
open by the skip-tender and a full load dumped into the skip 
as fast as gravity can take it. This takes place while the 
loaded skip, which was hoisted, is dumping into the shaft- 
pockets on surface. The time required for this operation is 
about 4 sec., which is the interval between trips when the hoist 
is at rest. This arrangement is one of the main features which 
make rapid hoisting possible at this mine. 

The plan of the 17th level, Pig. 6, shows the regular method 
of a main-level development of the ore-body from the shaft. 
As a general rule, the drifts and cross-cuts are driven 100 ft. 
apart where it is possible to do so, subject to variation due to the 
horses of rock which are occasionally encountered in the ore- 
body, the object being to avoid all development in rock except 
where absolutely necessary. All openings have to be well 
timbered. On the main levels 8-ft. sets (8-ft. posts and caps) 
of heavy timber are placed 6 ft. apart as the openings are being 
driven, and back and sides are closely lagged between sets. 
This work must be carefully done, as it is necessary to maintain 
these openings for several years, since a main level, after being 
opened up, becomes the operating-level for the transportation 
of the ore from the sub-level mining above, as will be shown 
later. It is obvious that the opening-up of the ore-body by 
main levels well ahead of the actual mining is necessary, and 
besides developing the future possibilities and future operation 
of the mine, serves a most important purpose in draining the 
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ovorlyiiig ore of the water which usually accompanies a soft-ore 
deposit. It also tends to regulate the flow of water, making a 
fairly-uniform pumping-operation possible. In this ore-deposit 
the water drains off very rapidly to the bottom level, so when 
the actual mining takes place the ore is very dry and is much 
more easily handled. When an extra heavy flow of water is 
encountered in driving a new opening, the work is stopped and 
the ground allowed to drain until the flow diminishes. The 
water handled in the Hewport mine is remarkably light for 
such a deep mine, not exceeding 350 gal. per minute. 



Fig. 6.— Plan of the 17th Level, D Shaft. 


The system of mining used is the “ sub-slicing ” system, some- 
times referred to as “ top slicing, also as “ slicing and caving.’' 
Caving is necessarily a component part of this system. Eefer- 
ring to Fig. 6, it will be seen that raises are indicated along the 
drifts and cross-cuts about every 50 ft. These raises, 6 by 7 
ft., and lined with cribbing, or 6-in. round timber, are put up 
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to the main level above, usually a vertical distance of from 75 
to 100 feet. They are established wherever possible at a 
maximum 'distance of 50 ft. apart, in order to eliminate any 
long trams from working-places in the sub-levels. From these 
raises, sub-levels are opened up in their proper order by means 
of drifts and cross-cuts connecting the various raises, and later 
sub-divided into 50 ft. pillars, see Fig. 7, just before the final 
mining-out system begins. Sub-levels are opened out every 15 
ft. between the main levels, with the exception of the first sub 



Fig. 7. — Plan op a Portion op a Sub-Level, Showing Method op 
Blocking Out Ore and Location op Raises. 


above a main level, which is established at a height of 18 ft. in 
order to allow 3 ft. more of a back over the main level for 
better protection, thus making slices of this thickness, which 
are mined out in blocks or sections from 300 to 400 ft. east and 
west along the ore-body, as shown in Fig. 8. In all the sub- 
level -work, 7-ft. timber is used, and as the openings require 
only temporary support, smaller timber is used than on the 
main levels, usually from 8- to 12-in. round timber. The 
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ground is closely timbered and lagged, the sets being placed 
from 4 to 5 ft. apart, according to the nature of the ground. 

To start this system of mining, a main level is opened some- 
where near the top of the ore-body, within 50 or 75 ft., and 
raises put up to the rock capping. At an average of 15 ft. 
below the capping, a sub-level is opened out from the raises 
in the extreme eastern end of the ore-body back towards the 
west for a distance of 300 ft., thus making a first section 300 
ft. long, and the full width of the ore-body from foot- to hang- 
ing-wall. The eastern extremity of this section will be imme- 
diately under the capping, owing to the eastward pitch, Figs. 



I 

Fig. 8. — Longittjpistal Section of Mining in 300-ft. Blocks ob Sections. 
Vertical Scale Exaggerated. 

8 and 9. This section is then split up into 50-ft. pillars, Fig. 
7, and the final step in mining out the ore starts usually on 
the hanging-side of the ore-body. The first slicing-drift or 
cross-cut. A, Figs. 9 and 10, is now driven, the same size as 
the regular sub-level drifts, timbered and lagged in the same 
way, on the inside of the first pillar. Immediately alongside 
of this drift another one, jB, is driven parallel to A, so that 
the adjacent legs or posts of the sets in each opening overlap 
one another. There now remains a slice of ore above A and 
£ from 6 to 7 ft. thick. In Fig. 9 and in the third sketch of 
Fig. 10, the two final steps in the operation are shown together. 
The ore over A is blasted down by drilling short holes, to guard 



THE NEWPORT IRON-MINE. 


689 


against disturbing the rock capping and allow the ore to fall 
away from it clean. The timber sets are left; to stand if they 
will. The ore is then shoveled into the small 0.5-ton sub cars 
or buggies/^ trammed to the nearest raise and the ore 
dumped into it. All this is done by the men working under 
the protecting timbers of B. When all the ore over A is taken 
out the full length of the slice, the floor is “ covered down 
with old lagging, blocking, or pieces of timber, and the original 
timber sets, which are left behind to accumulate with it, Fig. 9. 
Upon this the unsupported rock capping keeps shelling oflF and 
dropping, so that this covering protects the next sub-slice 



directly underneath from the rock and sand mixing in with the 
ore when it is being mined out in its turn. A third drift slice, 
U, is then driven next to B^ and this process repeated until the 
pillar, and eventually the entire sub-level, is all “ pulled back 
or mined out. When this is completed the entire floor of the 
mined-out section is covered, as stated above, with the rock 
capping left to cave down of its own weight on the timber 
covering. As the mining is carried down to the successive 
sub-levels below, the old timber is allowed to accumulate with 
the timber covering above as it slowly caves down, the en- 
tire mass forming what is called the “ gob,” Fig. 10. The gob 

VOL. XLII. — 40 


690 


THE NEWPOET lEON-MINB. 


plays a very important part in this system of mining. As it 
gradually descends with the mining-out of the sub-levels, it 
grows larger and heavier, not only with the timber it accumu- 
lates but with the rock capping which is continually dropping 
down on top of it, until it is now a great immense network or 



Fig. 10. — Sketch Showieg Method Usisd in Sob-Leved Mining. 


matted mass of timber, under tremendous pressure, slowly 
crushing down on top of the ore. It is very evident that this 
gob must form an ideal and perfectly safe roof under which the 
ore is mined out. The very nature of its make-up prevents it 
caving in suddenly, and while it is continually working or set- 
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tling down, it gives plenty of warning to the men by the 
creaking of the timbers, especially in spots where it tends to 
cave down faster than is usual. It also forms a cushion which 
effectually absorbs the shock of an extra heavy caving-in of the 
rock capping above. 

While this first section, or block of 300 ft., is being mined 
out, the next section, 300 ft. west on this same level, is being 
opened and prepared as described above, so that by the time 
the first block is mined out the second section is ready for the 
same process. At the same time the first section on the next 
sub-level, most of which is directly under the rock capping, is 
being opened out and mined. In this way the uppermost sub- 
level is kept 300 ft. to the west in advance of the level next 
below, and so on down. This part of the system is strictly ad- 
hered to, and a sub-level section is never opened up for mining 
beyond the usual first few drifts and cross-cuts until the section 
directly above has been mined out. When a main level is 
reached as the mining progresses downward, it is treated ex- 
actly as a sub-level and mined out in the same way, the ore 
going down through the raises to the main level below. The 
amount of development of sub-levels ahead of actual mining 
depends altogether upon the production required. It is de- 
sirable to keep this development down to the minimum, and it 
is important that the ore be mined out as quickly as possible 
after development, as the timber can only be depended upon to 
hold up the ground temporarily at best. Where so many raises 
are available, they offer as many points of attack in opening up 
a new sub-level, which can be done in a very short time, if neces- 
sary. These raises also facilitate the grading of the ore which 
has to be separated. In general, this system is most satisfactory 
for mining this ore-body, and besides being safe for the men, in 
that they are always protected by timber and have safe openings 
behind them for retreat, it permits of a very clean and high 
percentage of ore-extraction. It is the policy in the operation 
of this mine to use a very liberal amount of timber in order to 
gain as nearly as possible a complete extraction of the ore, in 
addition to making safe working-conditions for the men. To 
give an idea of the timber used, it required about 653,60(> 
lin. ft. of drift timber and 5,278 cords of lagging to mine the 
ore produced in 1910. 
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The ore is trammed out of the working-places to the nearest 
raise in the small buggies, which run on tracks laid with 8-lb. 
rails. Turn-sheets or iron plates are used at the intersection 
of the drifts, to turn the corners. The ore is then run out of 
the raises through chutes over the main-level tracks and into 
the cars which are spotted underneath. The main-level cars 
are of 2 tons capacity, and of the double side-door-dump pat- 
tern. The main-level tracks are laid with 30-lb. rails. The 
electric-haulage system, used throughout, is operated with 4.5- 
ton electric locomotives. The loaded cars, standing in groups 
of from 8 to 6 at the various chutes, are made up into a 
train of from 10 to 15 cars, hauled to the shaft-station and 
dumped into the pockets, according to the grade. Two men 
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Fig. 11 . — Lokgixudinai. Seotion through Tbanspeb-Raises. 

Stand on either side of the train as it comes into the station, 
and as each car passes over the proper pocket, the door- 
catches are tripped with hammers and the ore falls into the 
pockets, from which it is loaded into the skips as before de- 
scribed. A train of cars is very quickly dumped in this way 
as it passes over the pockets. 

Fig. 7, at the 17th level, shows a long drift driven within 
the foot-wall rock and connected to the main cross-cuts in the 
ore-body, which provides a permanent haulage-way for the ore- 
traffic ; and since the main haulage-ways in the ore-body are 
uncertain and liable at any time to block the traffic, due to the 
breaking-down of a set of timber, and wdll eventually be 
obliterated when the level is mined out, it makes a safe, sure 
and self-maintaining outlet. As a provision against delays or 
a tie-up of any kind at the main-level stations, a system of 
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transfer-raises in the foot-wall drifts has been arranged, which 
are really small shafts, 3 by 15 ft. inside the cribbing, and 
divided into three compartments, two for ore and one for a 
ladder-road, extending from one main level to another, as 
shown in Fig. 11, and indicated on the main-level plan. This 
system is operative from all the main levels down to the 
bottom, or 19th, le.vel, and with the connecting foot-wall drift 
between D and K shafts, described below, the entire product 
may be transferred to and hoisted through K shaft. In the 
event of a tie-up at a main-level station which will stop 
hoisting at this point, the ore-trains dump into the transfer- 
raises instead of the station-pockets, and the ore is hauled 
to the shaft-station from the transfer-chutes on the next level 
below. If the delay is a short one the transfers serve as 
storage-raises, and the ore is allowed to remain in them until 
such time as it can be handled without interfering with the 
regular traffic on the level from which it is to be hoisted. If 
the hoisting-operation is delayed long enough to allow the 
transfer-raises and sub-level raises to become full, the ore may 
be conveyed to the bottom level through the transfers and 
finally over to K shaft, through the connecting-drift, to be 
hoisted. This makes the operation of handling the ore under- 
ground very flexible, so that it would require an unusual com- 
bination of circumstances to tie up the production completely. 

Shaft jfiT, situated 0.5 mile east of 2), is the only other operat- 
ing-shaft of the Newport mine, and while it has not been 
operated continuously on its own ore-bodies, it has been con- 
nected with D shaft on the bottom level by a long foot-wall 
drift, as noted above, thus serving as an excellent auxiliary out- 
let for D shaft, both for ore and men when necessary, and also 
greatly improving the ventilation of the entire mine. Connec- 
tion is also maintained with shaft -4, both for ventilation and as 
an emergency-outlet for the men. The connecting-drift between 
D and jST, 2,600 ft. long, is a 10- by 10-ft. opening, all in the 
foot-wall rock, and is equipped with a track of 40-lb. rails, 
electric haulage, electric lighted. This drift was driven from 
both shafts at the same time and connected up, or “ holed,’’ 
in November, 1909, 140 days after starting the work. The 
best month’s record was a total of 595 ft. driven by both 
parties in 26 days, 287 ft. from D and 808 ft. from K, 
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■With the exception of a small amount of ore, shipped by 
Tail during the winter months, the production is stock-piled on 
surface until the season of navigation opens on the Great Lakes. 
During the navigation period the shipments are made from 
the shaft, and from the stock-piles by means of steam-shovels. 
The ore is shipped by rail to Ashland, the nearest Lake Supe- 
rior port, and into the ore-docks, from which boats are loaded 
for Lake Erie ports. During the year 1910 there was stocked 
309,000 tons from D shaft during the winter months, and 
shipped during the season of navigation. 

A recent installation of interest is a new pump-house, 30 by 
60 by 18 ft., cut out in the solid granite back of the foot-wall 
on the bottom level, and connected to the main drift by a 
cross-cut. Installed here is a Prescott crank-and-fly-wheel, 
cross-compound Corliss pumping-engine, 22 in. by 42 in. by 
4.76 in. by 36 in., with pot-form water end. This unit pumps 
direct to the surface against a vertical head of 2,150 ft., at a 
total capacity of 500 gal. per minute. 


Notes on the Liberty Bell Mine. 

BT OHAELES A. CHASE, DENVER, OOLO. 

(San Francisco Meeting, October, 1911.) 

This paper, descriptive of a single mine, is presented in the 
belief that it may furnish useful suggestions to mine-managers 
encountering similar problems; and it includes the details 
which will enable them to estimate the value of the methods 
employed — especially where these depart from common prac- 
tice. It should be added, however, that this mine is not 
typical of the San Juan district, but differs markedly from 
neighboring mines in physical conditions and metallurgical 
requirements. 

The Liberty Bell mine is situated in San Miguel county, 
Colo., on the west front of the San Juan, mountains, 2 miles 
north of Telluride. The vein was discovered in 1876 by 'Wm. 
L. Cornett, who, with subsequent locators, took up claims along 
the apex. A few hundred feet of development-work was ac- 
complished, and a few tons of ore were smelted or milled; 
but profitable working proved impossible under existing 
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conditions ; and the property lay idle until 1897, when 
Arthur Winslow acquired it for the United States & British 
Columbia Mining Co. After due investigation and preliminary 
development, and the initial construction of mine-buildings, 
tramway, and a ten-stamp section of the proposed 80-stamp 
mill, the Liberty Bell Gold Mining Co. was organized, and 
operations began in December, 1898. There have been, since 
that date, two complete suspensions, aggregating 10 months, 
for extensive additions and alterations at the mill ; a suspension 
of 3 months in 1902 for reconstruction, following disastrous 
snow-slides; and one for 4 months in 1903, by reason of labor- 
troubles — a total of a year and a half. Otherwise, the working 
of the mine has been continuous, and production has ex- 
panded to 400 tons of ore daily. 

The revival of the enterprise by Mr. Winslow took place at 
the time when the treatment of raw mill-tailings by direct 
cyanidation was first demonstrated as profitable, and within a 
year or two after the first successful long-distance transmission 
of electric power. Experiments in the cyaniding of tailings 
from amalgamation and concentration were begun almost 
immediately. In September, 1899, an experimental 7-ton leach- 
ing-plant was installed, under the direction of J. W. Mercer and 
F. L. Bosqui; and in May, 1900, a 250-ton leaching-plant of 
the South African type was ready for operation. It was evi- 
dent from the outset that the mine could be made profit- 
able, although this plant treated probably the lowest grade of 
material then handled in this country by this process. At 
the same time, the Telluride Power Co. had just undertaken 
to furnish power to customers ; and the success of this pioneer 
enterprise helped to render possible the profitable operation of 
the Liberty Bell. 

The Mine, 

The vein occupies a strong fault-fissure, developed princi- 
pally in the San Juan formation of andesitic flows, tuiffs, and 
breccias, and striking almost exactly NW. and SE,, though 
bearing more nearly E. and W. than the Tom Boy, Argentine, 
Smuggler-Union, and other veins of the immediate vicinity. 
The average dip is nearly 57° SW., but varies from 45° to ver- 
tical, being in general flatter and more irregular than that in 
neighboring productive mines. Though traceable on the sur- 
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face for 3 miles or more, the productive development is con- 
fined to 6,500 ft. The average width in the area worked for 
the past 12 years (including pinched and unworkable ground) 
has been 3 ft. In the ground actually stoped, the width has 
been 4.3 ft. In other words, 56 per cent, of the area opened has 
proved workable. These figures are based on the estimate of 
13 cu. ft. as the bulk of a ton of ore in place, and on the area 

mined and the tonnage produced. 

The vein-material is generally crushed, loose, and oxidized, 
indicating much movement in the plane of the vein. Hard 
massive quartz and calcite occur, but the more common appear- 
ance is that of more or less regularly banded quartz or calcite, 
or both, with bands or bunches of feldspathic country-rock, in 
various stages of alteration and silicification, and often com- 
pletely kaolinized. This kaolin is a distinctive feature of the 
vein, occurring in masses, filling interstices, and as a gouge 
along one or both walls. Commonly brown or black (presum- 
ably by reason of the presence of manganese), it gives those 
colors to almost all ore produced. Rhodonite and rhodocrosite 


are occasionally seen. 



The following analysis,^ 

by Arthur Winslow (CoJumn A), 

of Liberty Bell ore was made at the Massachusetts Institute of 

Technology in 1898. Column B indicates what 

the ore should 

be^ unoxiclized : 




Per Cent. 

Per Cent. 

Quartz and clay (insolubles), 

. 84.44 

84.44 

Calcite, .... 

9.4.5 

9.45 

Apatite, .... 

0.20 

0.20 

Limonite, 

3.30 


Pyrite, .... 

0.35 

3.60 

Arsen opyrite (?) • 

0.24 

0.24 

Bornite, .... 

0.16 

0.23 

Undetermined (0, HgO, and loss), . . . 1.87 

1.84 


100.00 

100.00 


The upper workings showed general oxidation, and when 
the Stilwell tunnel cut the vein, 1,000 ft. lower, the first evi- 
dence of proximity was black mud, gushing from the drill- 
holes. Subsequent development at the lower level and in the 
raise connecting to the upper workings has shown oxidation 
as complete as in the zone above. 


^ Trmt., xxix., 293 (1899). 
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Horizontal and Vertical Scale ?fe"i400^ 

Fig. 1. — ^Liberty Bblij Gold-Mine. Longitudinal Section. 
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The vein is notably uniform through great length and depth. 
Ore has been stoped for 6,000 ft. along the strike and 2,200 ft. 
along the dip. Within this area occur local enrichments, 
varying in size from small, rich pockets to considerable bodies. 
So far, precise outlines have not been defined. In places, the 
apparent boundaries have been nearly horizontal, a condition 
which C. W. Purington reported in 1896 in other mines of the 
district,^ 

As already remarked, the vein is developed principally in 
the San Juan series of andesitic tuffs, breccias, and fiows. Only 
a small area is within the higher (Silverton) series of interca- 
lated andesite and rhyolite, A winze on the vein, 225 ft. 
down from the Stilwell tunnel level, passed the contact between 
the San Juan formation and the Telluride formation of grits 
and conglomerates at 125 ft. on the foot-wall and 200 ft. on 
the hanging-wall. At the lowest point, the vein was narrower, 
and the gold- and silver-content lower, than above. The vein- 
filling was largely gouge. These changes signify little in a vein 
where the distribution of pay-ore is so erratic. This is the first 
working of the district which has gone down into this lower 
horizon, directly beneath a largely-productive ore-body in the 
volcanic rocks above ; the vein shows generally less diminu- 
tion of values with depth than others of the district. The 
hanging-wall is treacherous; fortunately, it is usually much 
firmer where the vein is wide. 

Mining- Operations, 

The longitudinal section of the mine, Fig. 1, shows the sys- 
tem of co-ordinates in use. On the strike, the mine is laid off 
laterally both ways from the junction of a vertical plane, AB, 
normal to the strike, with the plane of the vein. Ou the dip, 
the succeeding letters represent 100-ft. lifts from the tunnel- 
level. Chutes and man-ways take their whole number from 
the block in which they occur, east or west, and their decimal 
designation from their position in the block. For example, 
36.3 chute in G level is 3,630 ft. east of the dividing-plane, 
and is immediately under 36.3 chute in levels above. This 
system is patent to all, and is both a help and a safeguard to 
all men underground, 

^ ‘‘A Preliminary Report on the Mining Industry of the Telluride Quadrangle. 
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The loose, soft vein-filling and the flat dip have controlled 
the mining-practice. When the mine was first opened, the 
economy of air-drills in soft, narrow veins was doubted. Cer- 
tainly, with abundant, skilled hand-miners there could have 
been little gained by the use of piston-drills in stoping or 
raising. On the other hand, drifting by hand is slow at best, 
and the mine has paid, in later years, a heavy penalty for its 
slow early development. To the SE., the apex is masked 
by great depths of slide-rock. Therefore, development was 
from below ; and it was always necessary to mine below, before 
the ground above could be made ready — a misfortune in soft 
material. 

In 1904-5 two new types of power-drills appeared: the 
Temple electric-air drill ; and the Leyner rock-terrier, a small 
air-hammer machine. The former proved useful and efficient 
in drifting, and the latter in stoping and raising. Power- 
mining having been proved a success, an adequate plant was 
installed; and since that time development has been rapid 
and systematic, so that to-day the mine is in a well-developed 
condition. 

An undertaking of first importance was the Stilwell tunnel, 
completed in May, 1905. This adit, driven at an elevation of 
10,400 ft, 800 ft. below the lowest (I) level of the upper mine, 
cut the vein at 2,600 ft. The ore was of paying grade, and 
uniform in character with that above, giving promise of long 
life for the mine and warranting plans for a commensurate 
equipment. 

A raise, to become the main artery of the mine, was driven 
1,010 ft. to the upper workings (the work consuming one 
year); and thereafter stations were cut, and lateral develop- 
ment was begun. The plan adopted for the lower mine was a 
retreating system, mining inward from the lateral extremes 
and from the top down. To this end, the top, or G, level was 
driven at high speed, and the ground above is now being mined 
from the SE. end. This system concentrates a large part of 
the mine-work on one level at a time. Stope-supervision is 
particularly effective. The haulage being by electric motor, 
trammers and station-attendants are reduced to a minimum 
number. Haulage-ways are maintained in the best possible 
condition, free from chute-mouths, between the producing 
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section and the raise, and protected, above and below, by- 
ground in place. Qld ground being abandoned as fast as 
new ground is opened, maintenance-charges should be con- 
stant and low. 

The methods of mining and timbering are simple. Origi- 
nally drifts were timbered with square sets, and cribbed two- 
compartment mill-holes were carried up through stopes filled 
with waste, shot from the foot-wall. The method was open to 
these criticisms : (1) the hanging-wall, broken at the drift for 
the square-sets, was weakened ; (2) the ore required shovelers 
in the stopes; (3) the waste shot from the wall inevitably 
mixed with the ore and there was a steady loss of ore in the 
filling; (4) the timber of the cribbing offered serious impedi- 
ment to the free flow of ore in the chutes ; and (5) in addition 
to the timber for the mill-holes, posts and stulls had to be used 
to support blocky ground in vein and wall. 

Later practice has been to depend almost wholly on stull- 
timbers, these points being in favor of the change: (1) the 
unbroken hanging-wall preserves its original strength; (2) 
the ore is delivered to the chute-mouth with little manual 
labor; (3) the unbroken foot-wall offers a minimum resist- 
ance to the flow of ore; (4) the ore is cleaner and the 
loss is small; (5) somewhat less timber is required, and uni- 
formly better support is given to bad ground close to the work- 
ing-faces. Of course, the hanging-wall must cave eventually ; 
and it is necessary — and feasible — ^to withdraw entirely before 
this happens. 

Stull-timbers were used throughout the length of the tunnel- 
raise, a practice unusual, but warranted by experience. Ample 
pillars are in place on both sides. A certain amount of light 
scaling from the hanging-wall was expected, and has occurred, 
causing no serious inconvenience. The chief advantage derived 
lay in the greater free space left open between the walls, afford- 
ing flexibility in adjusting the track to the changes in dip. All 
stulls are on 4-ft. centers on the dip, the two central lines 
being 10-in. by lO-in., and the outer lines, next the pil- 
lars, 8-in. by 8-in. square timbers, all painted with carbo- 
lineum before being put into the mine. Head-boards are 
used. The only cross-bracing, except in very wide places, is by 
track-ties. 
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The breaking of ore is done almost wholly by Murphy air- 
hammer stoping-maehines (old pattern). In places hand-augers 
are used to advantage. Holes are drilled at a high pitch, and 
are shot in series from a free vertical face. Miners work on 
a partial floor near the back of the stope. Commonly the 
ore falls through the working-floor upon sloping floors, 
which deflect it to chutes at from 25- to 35-ft. intervals. As the 
stope advances, new sloping floors are placed; the vertical 
lining is built up ; and the old sloping floors are ready for re-use. 

For this common type of stope, stulls from 8 in. upward, 
costing 10 cents per foot, are placed 5 ft. apart, in floors 7 ft. 
apart. The working-floor is made largely of 6-in. round 
timber at 6 cents per foot, and sloping floors and chute-lining 
are largely of 10.6 ft. round or split lagging, at 13 cents per 
piece. 

From this typical stope, practice varies, with increasing 
strength of hanging- wall and higher angle of dip, until half the 
stulls and both floors and chutes may be omitted, the men 
standing on broken ore to mine. The final cleaning-out of one 
of these stopes involves considerable scraping from the foot- 
wall. 

The Murphy drill used has proved particularly fitted for this 
uneven ground, largely by reason of its small feed-piston, only 
If in. in diameter. The total pressure exerted on this small 
area is hardly more than sufficient to hold the steel against the 
ground, and, if a “ fitcher ” threatens, control is easy. Almost 
all the other patterns of air-feed drills have been tried, but 
without exception the large diameter of their feed-pistons 
(commonly in.) drives the drill into hopeless fitchers. The 
valveless hammer-drills seem better suited to work with the 
small feed-pistons, by reason of the definite air-cushioning of 
the hammer, when the chuck is not fully on the steel. (Since 
the writing of these notes the Ingersoll-Rand Co. drill (MO 22) 
has demonstrated its fitness. It is valveless, and has small 
feed-piston area.) 

Beoelopmenl- Work. 

Drifting is done by contract. For much of it Temple ma- 
chines have been used; but these have given way in large 
measure to Sergeant 3.26-in. drills, which are operated on swing- 
shifts, morning and afternoon, between the two main shifts. 
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This organization has permitted the full use of compressor and 
power through 24 hr. (That the Temple-Ingersoll drills 
gave place to air-drills does not imply their failure. The air 
being available, and the other machines simpler, they were 
used. The No. 5 Temple could out-drill, and their power- 
consumption was not one-(juarter that of, the 3.26-in. Ser- 
geants. The drill itself is wonderful in its simplicity and 
strength. With intelligent and painstaking supervision, the 
electrical end makes little trouble. This machine has a large 
field.) 

Until recent years, it was the practice to drill any face once 
a day only, leaving the drift free for shovelers and trackmen 
on the opposite shift. The presence of the electric motors of 
the Temple drills made this almost essential. The necessity of 
crowding some development-work led to the practice of drill- 
ing and shooting twice daily, as outlined. The results are 
satisfactory. It seems as easy to get a good contraeting-crew 
to organize for two shifts, with 200 to 250 ft. of advance, as for 
half that. The contract-rate is the same. Contractors buy 
from the company all powder, fuse, caps, and candles, and 
place Stulls and lagging; and their shovelers move the cars to 
the siding, never more than 500 ft. away. The drift is broken 
not less than 9 ft. high by 6 ft. wide, and a ditch is carried 
forward on the hanging-wall side. The regular price for such 
drifting is |8 per foot, except for widths exceeding 9 ft., for 
which 111 is paid. Contractors are held to strict accounta- 
bility for maintaining proper grade and cross-section, and the 
company agrees in the contract that grade shall be checked by 
the surveyor on the completion of each 25 ft. of advance. The 
grade is 0.5 per cent. 

The higher speed in drifting serves to concentrate develop- 
ment-work in few headings, simplifying supervision for foreman 
and surveyor. 

In explanation of the practice of compressing and drilling 
through the 24 hr., it may be said that power is bought on the 
peak-of-load basis, the highest peak three times recurrent in 
any month marking the charge for the entire month. On this 
basis, power is had at f5 per h-p.-month, measured on the 
high-tension line. Obviously, it is desirable to equalize the 
load. All stope-miners and timber-men now work on the day- 
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shift. One hand-miner picks down and loads for two machine- 
men, thus making the machines efiective throughout the shift. 
The improvement in efficiency is such that the loss in power 
unused at night is unimportant. 

Ore-Movement Underground. 

Chute-troubles, more particularly from the ore hanging on the 
foot-wall, were encountered early. With the advance of mining- 
work, we came to use a main chute 700 ft. long, which, during 
the driest months of winter, was choked so as to require reopen- 
ing every three days in order to permit the movement of ore. 
Moreover, during the rest of the year, in spite of every reason- 
able precaution, enough water found its way into this passage 
to semi-liquefy the soft ore. If the ore was allowed to accu- 
mulate, the chute broke, frequently burying trains below, and, 
in one ease (fortunately without loss of life), an entire crew of 
trammers. After transportation to the surface, this water- 
logged ore broke tramway-bins and flooded the station ; on the 
way to the mill, it overflowed tramway-buckets ; and at the mill, 
it burst the battery-bins and flooded the batteries. The ore, as 
it came from the stope, was soft, but reasonably dry; and it 
was in the main gathering-chutes that this trouble became acute. 

The remedy for this condition was found in lowering the ore 
through the chutes in skips. The initial installation was, of 
course, an emergency-job, the skip being installed in a three- 
compartment chute and man-way. Fortunately, this chute was 
unusually well built, and, while space was limited, and a lateral 
angle made some trouble, the experiment was successful. The 
arrangement is very simple. A discarded |-in. tramway-trac- 
tion rope leads from the 4-ton skip over a 48-in. Hallidie grip- 
sheave, and down to the counterweight of cast-iron blocks on 
a truck. Pockets are not used ; the ore being dumped direct 
from the cars. At the discharge-point, the door opens auto- 
matically, and the skip is returned to an upper level by the 
counterweight.. At the level the tender closes the door by 
hand, hooking himself about his waist to a chain before he 
steps into the skip-way. Two brake-bands are used on the 
head-sheave. 

The second installation was in a 300-ft. ore-chute, without 
room for a counterweight. The empty skip is returned by 
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motor and the door is opened and closed automatically. The 
hoisting-cable runs to a spreader above the skip. Over this 
spreader runs a second piece of cable, the ends going to the 
two lower corners of the skip-door. The skip stops in hooked 
rails, and the load forces the door open. After the discharge, 
the power first closes the door and then raises the skip. This 
installation also has been a success. 

In both these cases, when changes in the dip of the vein re- 
quire it, the cable is deflected on chilled-iron plates ; the con- 
sequent wear on the cable being less costly than the mainte- 
nance of idler-sheaves in places of difficult access. The skips 
discharge into pockets between vein-walls, carefully guarded 
from water. Subsequent transfers, in both cases, are made by 
trains, drawn by horses or mules. 

The success of the first of these gravity-skips led to the 
reconsideration of a plan to connect the new Stilwell tunnel 
with the upper mine by a vertical raise, in which cars were to 
be lowered, by cage. This idea was abandoned, and a skip- 
way on the vein was carefully designed, to serve as the main 
outlet and inlet during the entire life of the mine. Fig. 2 
shows the character of the arrangement. 

This being essentially a gravity-plane, power is necessary 
only when an empty skip is to be lowered or an unusually large 
load is to be hoisted. By reason of the purchase of power on 
the peak-of-load basis, a motor of only 25 h-p, is provided, 
which operates the skip at 100 ft. per minute, while on gravity 
the speed is from 500 to 600 ft. The tiller, or small pocket, 
just under the level, holds one skip-load, 6 tons. The toggle- 
locked door is opened with a single movement of the lever by 
the eager on the level. At 100 ft. above the tunnel-level, the 
skip drops through a switch and falls into a vertical position, 
dumping automatically ; the door being self-locking thereafter. 

Transportation for men and timber is furnished by a man- 
cage coupled above the skip — the two carriers making one 
six-wheeled unit, and the power being applied at the knuckle 
between the two elements. The reason for this construction 
may not be obvious. As originally planned, on the assump- 
tion of uniform dip, the carriers were separate units, and power 
was to be applied at the upper end of the man-cage. But 
sharp changes in dip were encountered; and, as the man-cage 
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is usually empty and the skip loaded, the light cage would be 
lifted heavily against the guides by the pull of the cable. This 
condition led to the construction adopted, by which the power 
is applied direct to the heavy load and the light man -carrier is 
independent of the lifting tendency of the rope. The results 
have been satisfactory. 

The carriers look, and are, light ; but they have proved ade- 
quate. In operating these gravity-planes, it has been evident 



that success lies in having the weight of the equipment con- 
stitute the smallest reasonable part of the total weight of ore 
and equipment. To this end, three novel features were intro- 
duced : (1) the skeleton man-cage, holding 28 men and weigh- 
ing 2,700 lb. (a rope-ladder, dropped into the skip, holds 15 
men in addition) ; (2) the rope-bail, a 60-ft. section of IJ-in. 
plow-steel cable, spliced endless and passing around curved 
voii. xm.— 41 
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cross-heads at the knuckle, and at the attachment to the main 
cable ; and (S) the tubfllar skip, built of J-in. steel plates and 
having a standard f-in. boiler-head for a door. Of all shapes 
of skips, the tube has the advantage of greatest capacity and 
strength per unit of weight. The door is remarkably strong. 
The skip complete, with liner-plates in its lower third, weighs 
3,900 lb., and its capacity is 150 cu. ft. This equipment, with 
1^-in. plow-steel cable, full-loaded, has, at the steepest part of 
the raise, a safety-factor of 5 (old ratings). 

A l^in. tail-rope passes from the ore-skip around a tension- 
sheave in the 50-ft. sump and rises to the counterweight of 
16,000 lb., thus effecting complete rope-balance at all positions 
of the carriers. 

The endless-rope mechanism for braking and driving is 
placed vsdth its drums in the upper extension of the plane, the 
rope not being deflected to or from it. The upper drum, 
geared to the motor-clutch, carries two slip-rings, and two half- 
laps of the rope. A lower transfer-drum carries a single ring 
and one half-lap. Each of two independent hand-operated 
brakes acts on both drums, providing ample safety. The slip 
between rope and rings, and between rings and drums, is slight 
and gradual, and does not prevent the geared indicator from 
showing the approximate position of the skip. The exact posi- 
tion is shown, however, by red-lead marks on the cable. Idler- 
sheaves, 48 in. in diameter, with hard-iron wearing-rings bab- 
bitted in, support the cable at the changes of dip. Signaling 
is done by electric bell. Two No. 6 hard-iron wires, 3 in. 
apart, can be bridged by the eager at any point. The eager is 
called by telephone. It is not necessary for him to accompany 
the ore ; and he is left free to dump cars into the fillers at the 
stations. 

Haulage on the levels presents little that is new. In the old 
mine, horses and mules pull the trains on all levels save one, 
in which a home-made locomotive handles a train of small cars. 
On level G, the highest of the new mine, a "Westinghouse 
single-motor 3.5-ton D. 0. locomotive operates 1.5-ton cars in S 
trains of 12 each. These cars are side-dumping, are carried 
low, and are hinged far over towards the discharge-side, which 
makes accidental dumping quite impossible, and hand-dumping 
impracticable. At the tunnel-raise, the one point where dis- 
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charge is desired, an air- actuated piston, hooking into a ring- 
hxed on the side of the car, gives almost instantaneous dis- 
charge. The door is toggle-locked. 



Pig. 8. — Ose-Pookbt Abbangbmeht. 


For drift-installations, the bonded track-return is not used. 
Two ISTo. 0 conductors of hard-drawn trolley-wire are placed, 
6 in. apart vertically, on the foot-wall side of the drift, passing 
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under the chute-mouths. Between these runs a three-wheel car- 
riage, one wheel under the upper wire and two on the lower. 
The upper wheel is insulated from the others, and a spring in 
tension between the two lower ones holds the upper one in 
position. Flexible cable connects to the locomotive. The two 
conductors are in plain sight and give high efficiency, avoiding 
the constant losses on a bonded track. 

Opposite the loading-chutes on this level, the ditch is bridged 
with plank, and sheet-iron plates are placed between the rails. 
The bridge prevents the blocking of the ditch with spilled 
ore, and, with the plates, greatly facilitates the maintenance 
of a clean track. Petersen automatic track-switches, and a 
switch for the two-wire trolley-line, greatly assist train-move- 
ment. 

The ore is dumped in four-car lots into the filler, and thence 
to the skip, by which it is conveyed to the 200-ton ore-pocket 
(Fig. 3) in the foot-waU above the level of the Stilwell tunnel. 
This adit, a tangent, extends into the foot-wall, underneath 
the pocket. The cross-section. Fig. 3, shows the arrangement. 
The cars used here hold 73 cu. ft., or 3.2 tons, each; have 
double-gable bottoms, wheels and axles of railroad type ; and 
toggle-operated doors, and are run in trains of 8, with the 
locomotive on the outside end. No switching is done in load- 
ing or discharging. 

The locomotive, like that employed in level G-, of which it 
is a duplicate, has given almost perfect records. Both carry 
26-h-p. motors, and operate at 6 miles per hour with full load. 
The wheels slip at 16 horse-power. 

Meciric Mine- Plant. 

This mine has derived decisive benefit from the availability 
of “ custom ” electric power. The demand for considerable 
amounts of power underground encountered the difficulty of 
long-distance low-potential transmission, and led to the intro- 
duction of high-tension (10,000-volt) circuits, with inside trans- 
formers, situated near the places of use, and effecting a reduction 
to the customary 440-volt distributing-circuits. 

The first installation, made in 1906 at the east end of the 
mine, used an A. S. & "W. triple-conductor, rubber-insulated 
and lead-covered cable. This was placed in a conduit of half- 
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weight 2-in. iron pipe, known under the trade-name of the 
‘‘ Patent Loricated Conduit.^’ The second installation feeds 
the main transformer-station at the inner end of the Stilwell 
tunnel. The cable enters Level I above, and runs down the 
tunnel-raise. By reason of the great weight of lead, a thick 
protective covering of tape was used as a substitute. The con- 
ductors are No. 14 stranded copper wires. To prevent rupture 
of the cable from its own weight in the raise, three No. 10 steel 
wires are laid within the cable, interspaced with the three con- 
ductors. The cable is laid in a conduit like that of the earlier 
installation. Three years’ service seems to have proved the fit- 
ness of the lighter cable. 

The transformers used in the mine are of the common oil- 
cooled type. That serious danger may attend their use, was 
evidenced in August, 1909, when lightning entered the old 
station, breaking down the transformers and firing the oil. The 
station was burned, and three men subsequently lost their lives 
in the smoke. This station has gone out of service ; the new 
main station is effectively walled-off ; and a man is continuously 
on duty, to close, in case of danger, all apertures connecting 
with the rest of the mine. 

The secondary alternating-current distribution is effected 
with ordinary single-conductor double rubber-covered wires. 
In raises, the wires of any one circuit are placed together in a 
conduit of the kind used for the primary circuits ; and in drifts 
they are carried open on the stulls. This current is used for 
compressors, hoists, fans. Temple drills, motor-generator sets, 
saw, and lights. 

Direct current at 250 volts is generated at two points, but 
principally in the tunnel-station, whence it is carried inward 
a mile for drift-service, and outward 3,000 ft., for tunnel-ser- 
vice. 

An all-important feature underground is the Stromberg- 
Carlson telephone. Eleven instruments are used. These are 
warmed by incandescent lights immediately beneath them; 
and the lead-covered wires are carried in conduits, except in 
the tunnel, where the line is open. This expensive construc- 
tion seems essential to the excellent results secured. 

The ventilation, ordinarily automatic, is adequate, except in 
long drift-ends and raises. For these places, small Buffalo or 
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■Sturtevant fans, driven by small motors, are located at the ex- 
treme limits of good natural ventilation. Tbe best results are 
secured when tbe fan is about midway of tbe line of ventilating- 
pipe, drawing through one end and blowing through the other. 
Next in importance to the supply of air is its control. In adit- 
ventilation, the draft is commonly disagreeable and may be 
dangerous — a condition which has been remedied here by the 
use of a two-door air-lock in the tunnel. The doors are oper- 
ated by the motorman and one is always closed. 


Costs, 

The following detailed tabulations of mine-costs show various 
changes attending the transition from predominant hand-min- 
ing in 1906 to machine-mining with mechanical ore-movement. 




Supplies. 












January, 



1906. 

1907 

1908. 

1909. 

1910. 

1911. 

Product of ore, tons, 

, 

. 92,221 

102,429 

116,183 

126,336 

134,321 

148,776 



Cents. 

Cents. 

Cents. 

Cents. 

Cents. 

Cents. 

Powder, per ton, 


. 8.76 

10.07 

10.68 

8.79 

9.68 

9.09 

Fuse and caps, . 


. 2.20 

2.14 

2.53 

2.38 

2.63 

2.48 

Candles, . 


. 3.87 

3.79 

3.35 

2.83 

2.63 

1.81 

Steel and tools, 


. 1.84 

2.29 

1.78 

1.54 

1.40 

0.38 

Blacksmithing, 


. 0 30 

0.31 

0.39 

0.40 

0.82 

0.30 

Timber, . 


. 15.12 

18.22 

19.59 

19,26 

17.36 

14 50 

Nails and spikes, 


. 1.34 

1,18 

1,44 

1.17 

1.17 

0.98 

Heating, . 


. 3.16 

2.70 

2.51 

3.10 

3.16 

3.40 

Lighting, . 


. 0.17 

0.30 

0.23 

0.31 

0.51 

0.64 

Ventilating, . 


. 0.28 

0.11 

0,12 

0.19 

0.21 


Cars, 


. 1.77 

1.82 

0.99 

1.13 

3.28 

2.40 

Hoists, 


* 1 0.841 

0.60 

/ 3.681 

2.49 

1.28 

2.11 

Skips, 


. 1 -T 

3.41 


4.63 

5.66 

3.57 

Drills, 


. 1.95 

4.23 

1.30 

1.13 

1.26 

0.56 

Air-lines and compressors, 

. 0.57 

2.00 

2.45 

1.64 

1.84 

0.74 

Lubricants, 



0.70 

0.72 

0.71 

0.90 

0.64 

Track-supplies, 


, 0.48 

0.20 

0,38 

0.57 

0.54 

0.08 

Electric plant, . 


. 1.42 

1.17 

0.80 

2.66 

5.84 

0.28 

Electric power, 


. 4.05 

6.41 

4.70 

6.96 

7.20 

9.11 

Ore-bins, . 


. 0.15 

0.61 

0.11 

0.64 

0.80 


Phones and signals, . 


. 0.15 

0.36 

0.13 

0.16 

0.38 

0.35 

Locomotives, . 






1.45 

0.04 

Miscellaneous, . 


. 0.81 

0.45 

0.37 

0.38 

0.38 

0.17 

Total, 


. 49 . 

62 . 

58 . 

63 . 

69 . 

53 . 
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Labor. 







1906. 

1907. 

1908 

1909. 

1910 

January, 

1911. 



Cents 

Cents. 

Cents. 

Cents 

Cents 

Cents 

Foreman, 


2.78 

2.58 

2,47 

2.28 

2.14 

1.82 

Bosses, .... 


7.59 

9,10 

9.00 

6.90 

5.16 

5.03 

Clerk, .... 


0.23 

0.40 

0.48 

0.52 

0.75 

0.90 

Stoping, .... 


70.63 

54.05 

51.11 

34.17 

32.14 

26.00 

Hauling, .... 


39.40 

46.57 

47.04 

47.50 

42.77 

18.00 

Tunnel-raise, . 





6.40 

6.78 

6.85 

Blacksmithing, 


4.01 

4.09 

5.00 

3.84 

2.36 

2.03 

Timbering, 


43.03 

48.09 

44,89 

43.40 

41.44 

28.72 

Track-laying and ditching, 


2.78 

2.70 

2.34 

3.88 

4.30 

0.62 

Heating, .... 


2.44 

2.50 

1.70 

2.25 

2.38 

1.49 

Phones and signals, , 


0.04 

0.22 

0 29 

0 37 

0.40 

0.18 

Air-1 ines and compressors. 


1.66 

2.04 

3.44 

3 32 

3.81 

1.16 

Lighting, .... 




0.10 

0.10 

0.10 

0.05 

Ventilating, 


0,11 

0.20 

0.10 

0.75 

0.30 


Ore-bins, .... 


0.33 

0.90 

0.37 

1.19 

0.85 

0.83 

Electric plant, . 


0.86 

2.03 

2.19 

2.81 

2.69 

1.56 

Miscellaneous, . 


0.74 

0.61 

0.36 

0.62 

2.13 

0.47 

Total operating-labor, . 


177. 

176. 

171. 

162. 

151. 

96. 

Total operating-supplies, 


49. 

62. 

58. 

63. 

69. 

53. 

General assays and surveys, . 

3. 

6. 

5. 

4. 

4. 

2. 

All operating, 

, 

229. 

244. 

234. 

229. 

224. 

151. 

Labor, 

27. 

43. 

56. 

36. 

23. 



Supplies, . 

15. 

14. 

17. 

12. 

. 7. 



Development-work, 

• 

42. 

57. 

74. 

49. 

30. 

17. 

All mine-coat, . 


271. 

301. 

308. 

278. 

254. 

168. 

Depreciation, . 

• 

5. 

6. 

6. 

7. 

8. ' 

8. 

All cost, . 

. 

276. 

307. 

314. 

285. 

262. 

176. 


The foregoing figures as to labor and supplies are independent 
of development-work, and hence are comparable from year to 
year. The expense of development has not been itemized. 

Through the period covered by these statements, much of 
the ore was mined from increasingly-remote workings, a condi- 
tion which reached its maximum in 1909. In spite of this 
condition, and of the higher wages paid to machine-miners, 
and the introduction of the employment of mine-mechanics, the 
cost of labor per ton of ore shows a progressive decrease. The 
effect of the hammer-drills on stoping-costs is striking. The 
figures as to hauling do not show What was really accom- 
plished. In 1906, the maximum handling of ore embraced 
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two car-movements. In 1909, some ore was moved four times 
by car and three times by skip; half of the ore had three 
transfers by car and two by skip ; and the nearest ore had two 
movements by car and one by skip — which will be the general 
requirement hereafter. The remote upper workings are now 
cleared. In future, the workings will be compact; and the 
total cost of mining, including necessary development, should 
not exceed $1.76 per ton. This figure, it is true, has been at- 
tained in but a single month; but in that month 17 per cent, 
of the ore was from the old mine. Moreover, recent improve- 
ments in organization should efiect considerable savings. 

Boarding-House, 

An essential feature of a San Juan mine is the house for the 
men. Fig. 4. These structures have gradually improved until 
those built in recent years are highly creditable. The new 
house of the Liberty Bell at Stilwell tunnel is thoroughly 
modern. In construction it is a mill-frame of Douglas fir with 
all joists and girts open, minimizing the opportunity for the 
accumulation of dirt or vermin, or the origination of fire. The 
dry-room has 200 open-steel lockers, and shower-baths and 
toilet-closets. The floor is of concrete. The company oper- 
ates the dining-room and a commissary-department in the 
building. 

Crusher-House. 

The arrangement of this building need not be specially de- 
scribed. The ore, delivered above, is dumped upon steep (52^) 
3- by 1-in. bar grizzlies, the coarse sliding down to the crusher, 
and the fine (together with the crushed product) going to the 
ore-bin, under the crusher. An unusual area of grizzlies is 
imperative. Even with the area in use, screening is dijficalt in 
the wet season. 

The crushers are duplicate Denver Engineering Works 11- 
by 18-in. sectional machines, the heaviest piece weighing 3,000 
lb. Much is to be said in favor of this type for trail-transporta- 
tion. The drive is from 40-h-p. motor and the crushers are 
brought to speed with heavy Hill clutches. 

The bin-frame is of 8 by 16 in., instead of the common square 
timbers. They offer greater strength per unit-area of cross-sec- 
tion, and offer less hindrance to the free flow of ore, a valuable 
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Pig. 7. — L(Iberty Bell Mili:^. 
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consideration here. Girts are held in with pressed-steel hangers 
of the Lane type. These materially cheapen and improve the 
construction. Below the ore-bin is the tramway-terminal, and 
below that is the steam heating-plant for both ore-bins and 
boarding-house. The coal-supply is stocked from the tramway- 
buckets in a bin below the tramway-floor. 

The Aerial Tramway. 

This structure, originally a nondescript, has been developed 
to high efficiency. It was at first 2 miles long, with an 
angle-station ; but on the opening of Stilwell tunnel, the upper 
half mile was cut ofi and the angle-station became the upper 
terminal. 

The greatest obstacle to successful operation has been the 
necessity of crossing a divide, some 400 ft. higher than the 
present upper terminal, and 1,800 ft. higher than the mill. I 
imagine that the first tramway of this class was built on lines 
ideally simple, running down an even slope. Under such con- 
ditions certain types of equipment were developed, some of 
which are maintained to-day. The load carried was the weight 
of ore, and the weight of the portion of traction-cable carried 
by each hanger was insignificant. The typical triangular 
wrought-iron bucket-hanger is adequate for such conditions, 
but not for a heavy-duty line, crossing a divide. In that case 
the load of ore (700 lb.), though considerable, is a small matter 
compared with the weight of the traction-rope, as each bucket 
raises it, in passing the divide. To meet this harder condition, 
the cast-steel hanger. Fig. 5, was devised, with such results 
that shop-work on rolling-stock has practically ceased, while 
before one hanger per day to the shop for reforming was the 
average. A good feature of the bucket is the Schuler friction- 
grip, a successful local invention. The use of a canvas (20-oz.) 
liner in the pans of the carriers has been found profitable, as 
insuring complete discharge, and, therefore, full capacity for 
the carrier, without the necessity of ruinous pounding to clear 
the pans. A steam-heated detention-room, giving each unit 
about three minutes’ time before dumping, has been found 
useful in winter, to thaw the carriers that have hung loaded 
between shifts. 
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Oue or two innovations in station-construction have been in- 
troduced. At the loading-station, buckets upward-bound, with 
freight for mine or boarding-house, are shunted to a stub-tram- 
way 200 ft. long, which rises 60 ft. to the mine-portal — the 



level of the boarding-house and of general storage. The empty 
bucket returns to the main station, to be loaded with ore. This 
stub is a complete tramway in itself, driven by gearing from 
the main line. 
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At the lower terminal, a two-way station rail-switch of new 
pattern, Fig. 6, has been introduced. 

The tramway passes over one high divide and a minor ridge. 
At both points, the track-cable is supported by trestle, and 
relieved of the weight of the carriers. The development of 
suitable track over these trestles was slow ; but the final result 
is good. "We use a 6-in. bulb-angle with cast-iron support. 
This section, rolled in high-carbon steel, shows practically no 
wear, and gives a track almost as smooth as the rop,e itself. 




The approach to the rail, as well as to the saddles on many 
supports, is over arched sheet-steel shields. 

At all high points on the line the usual small-diameter idlers 
supporting the traction-rope have given way to 80-in. sheaves 
of bicycle type, with hard-iron bearing-rings babbitted in. 

Track-cables of IJ in. and IJ in. diameter are used in 0.5- 
mile sections, carrying 16 and 10 tons respectively as tension- 
weights. The preservation of maximum tension seems to be 
prerequisite to the long life of cables. 
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The traction-rope is a |-in. 6 by 19 Lang lay, Seale patent, 
special crucible-steel cable. The line is regulated by a Blei- 
chert automatic controller, which governs with great precision 
where even passably good results were impossible with hand- 
braking. This machine, built to absorb 50 h-p., is a rotary 
pump, forcing liquid through a balanced valve, the aperture 
of which is regulated by a governor in the fly-wheel. The 
liquid falls back into a closed reservoir, where the heat is 
removed by water-coils. Mee modifications of speed are 
secured by adjustments of the valve-stem. 

The following figures show costs for five past years and a 
typical month of the present year. 

Mrmth, 



1906. 

1907. 

1908. 

1909. 

1910 

1911. 

Tons, 

92,000 

102,000 

116,000 

126,000 

134,373 

12,500 


Cents. 

Cents. 

Cents. 

Cents. 

Cents 

Cents 

Labor, . 

Supplies, 

. 23.54 

22.05 

25.24 

20.49 

13.56 

12. 

. 10.79 

9.31 

8.84 

7.54 

4.09 

1.4 

Total operating, 

. 34.33 

31.36 

34.08 

28.03 

17.65 

13.4 

Depreciation, 

2, 

2. 

2. 

2. 

2, 

2. 

All cost, 

. 36. 

CO 
' CO 

36. 

30. 

20. 

15. 


Note. “The sharp reduction in costs after 1909 is in large part due to the sim- 
plification and shortening of the line, as a result of which the angle-station became 
the new upper terminal. 

In comparing these costs with the notable 6 and 7 cents 
costs of the Utah Consolidated tramway, for instance, it is to 
be observed that this ore weighs 80 lb. per cu. ft. of carrier, 
and is sticky ; while the Utah ore weighs 150 lb. per cu. ft. of 
carrier, and is free-running. This point is worthy of note by 
those interested in tramway-costs. 

The line was built as a narrow-gauge (6 ft.) line for 15 tons 
hourly capacity. With many of the original structures still in 
use, its duty to-day is from 25 to 30 tons per hour. The prac- 
tical limit in loading the line is the strength of the carrier to 
lift the traction-rope as it passes the divide. The present 
standard for the tramway is to load 80 buckets hourly, spacing 
at 45 see. and 206 ft. on a line running 275 ft. per min. The 
bucket complete weighs 400 lb. and the load 700 pounds. 
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Fra. 8. — Liberty Bebl Mill. Ground-Plan. 
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Fig. 9.— Flow-Sheet, Liberty Bell Mill. 
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The Liberty Bell Mill. 

The metallurgical practice at this mill has been so fully de- 
scribed that I need not dwell on well-known features. A gen- 
eral view of the mill and surroundings is given in Fig. 7. The 
ground-plan, Fig. 8, and the flow-sheet, Fig. 9, show the rela- 
tions of the following units of equipment: 

1. Eighty 850-lb. stamps, with suspended Challenge feeders. 

2. Sixteen 8- by 4-ft. copper amalgamating-tables, with three 
1-in. drops. 

3. Four Richards vortex (hindered settling) three-spigot classi- 
fiers. 

4. Eighteen Wilfley tables and 10 Deister No. 8 tables. 

5. Three 5- by 22-ft. tube-mills of Abb6 pattern, the feed 
being thickened by Dorr classifiers or diaphragm- cones. 

6. Eight amalgamating-tables, of the size given above. 

7. Nine 83- by 11-ft. Dorr continuous settlers. 

8. Six agitators of the Hendrix type, 17 by 11 ft., above the 
45° cone. 

9. One 20- by 15-ft. equalizer-vat. 

10. A Moore filter-plant of seven vats, each 9 by 27 ft. in 
area, and 8.5 ft. deep to the coning. 

11. A zinc-shaving precipitation-plant, containing 1,200 cu. 
ft. of zinc. 

Stamy-Battery. 

This battery was originally built on wooden blocks, with 
the usual framing and a front horizontal drive from clutch- 
pulleys on the line-shaft. The wooden foundations have given 
way to concrete, and the framing is simpler. The post goes to 
the concrete, only a piece of 6-ply Gandy (or similar) belting in- 
tervening. The results have been perfect. 

Ten stamps have the heavy Allis-Chalmers anvil-block ; the 
others, the lighter ‘‘ sub-bases ” of the Denver Engineering 
Works. There is no apparent difference in results ; and the 
lighter construction is cheaper. Globe stem-guides have been 
reasonably satisfactory through many years, but are now giving 
way to the simpler and stronger Pacific guides. Shoes, boss- 
heads, and tappets are of chrome-steel. Cams are of the 
Allis-Ohalmers Blanton pattern. The Blanton fastener is 
used for the bull-wheel. Dies are of cast-iron, from the local 
foundry, containing a large percentage of steel from scrap. 
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The horizontal battery-drive through clutch-pulleys was unsat- 
isfactory, and solid pulleys were substituted, it being cheaper 
and easier to cut an occasional belt, in case of desiring to stop 
a ten-stamp section for considerable repairs, than to maintain 
the clutches. The feeders are operated through the feeder- 



wheel, Fig. 10 — an unusually good device, patented by the 
mill-foreman in 1900. 

Battery-screens in recent months have been of two patterns, 
namely : 14 by 14 sq. mesh Uo. 22 wire, aperture, 0.043 in. ; 
and 16 by 3 mesh Ton-cap, 0.039-in. aperture. The latter 
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yields a finer product and a larger tonnage than the former, the 
Ton-cap having heavier wire and the same aperture blinded. 
It seems that the wire must be light enough to spring readily 
under the impact of the splash. A screen- analysis of battery- 
pulp shows: on 40-mesh, 24.4 ; on 60-mesh, 10.9 ; on 80-mesh, 
5.9; on 100-mesh, 6.3; on 200-mesh, 9.6 ; and through 200- 
mesh, 42.9 per cent. As determined by centrifugal test, 38 
per cent, of the battery-pulp is flocculent. 

The power charged to the stamps is 160 horse-power. 

Amalgamation and Concentration. 

The ore is stamped in cyanide solution. The recovery by 
amalgamation is materially smaller than in previous years of 
water-amalgamation; the process is more expensive in both 
labor and material, and requires more skill ; and the consump- 
tion of copper is considerable. Muntz-metal, which has proved 
a satisfactory substitute for copper elsewhere, has not been sat- 
isfactory here, by reason of the hard, glassy surface which it 
assumes. The plates are kept rather wet; and any drip of 
quicksilver is caught in a trap. From a month’s run the re- 
sults of amalgamation were : 

From battery-plates, 80 per cent, of all amalgam, yielding 29 
per cent, of bullion; fineness, 0.408 Au and 0.651 Ag. 

From tube-mill plates, 20 per cent, of all amalgam, yielding 
28 per cent, of bullion (0.153 Au and 0.825 Ag). 

The grade of the first plates is 2.25 in., and that of the second 
plates If in., per foot. 

The concentration-scheme is only now assuming definite 
form. Nine Wilfleys take the underflow from the Richards 
classifiers ; two take the middlings (after the coarse has been 
removed on a Bunker Hill screen) ; and seven take the over- 
flow, after thickening in six 6-ft. cones. The ten Beisters are 
to take the reground sand from the tube-mills. Any oversize 
tailings from the latter tables are returned to the tube-mills. 

This arrangement seems to represent a reasonable economic 
limit. Further expansion of plant would yield relatively slow 
returns on the investment. The great impediment to perfect 
work is the argillaceous slime, which, coagulated by the alka- 
line solution, is exceedingly buoyant, and sustains coarse mate- 
rial, both sulphide and sand, until dilution has been carried to 
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extreme limits. The above scheme represents the lesser of 
two evils. For three years, concentration was applied to the 
tailings, after filtration and dilution with water. An extensive 
area of canvas, with Wilfleys and vanners, gave poor returns ; 
and it was evident that the sulphides, probably concentrating 
to some extent in the tube-mills, had been ground so fine as to 
be irrecoverable- Moreover, what was caught was so high in 
grade as to suggest re-precipitation of silver on thepyrite. The 
extraction of gold was comparatively good. 

The continued practice of amalgamation at this mill has oc- 
casioned some adverse comment. It is recognized that the 
omission of this step would materially cheapen and simplify 
the milling. Sixty stamps, at most, would crush the full ton- 
nage through the coarser screens that could be used. But the 
gold occurs irregularly in the ore, and hence is likely to be 
coarse ; and this gold would make an unwelcome element in 
the concentrates, which have not as yet been made amenable 
to local treatment. A streak of gold on the tables would be a 
constant source of possible loss; and the product would be 
spotted, and difficult to sample for sale. 

Were it feasible to concentrate successfully after regrinding, 
the battery-plates might well be done away with, and the coarse 
gold allowed to go into the tube-mills, to be ground and taken 
into solution ; but in this case, it seems to have been demon- 
strated that concentration after regrinding is not good practice. 

The power charged to concentrating is 30 horse-power. 

Eegrinding, 

The tube-mills are of the Abbe type, tire-mounted and with 
spiral feed. The tire-mountings, designed by the company’s 
engineers, are amply rigid, and also give complete protection 
against possible end-travel of the tires off the rollers. The 
tires, both on the mill and on the supporting rollers, are of 
forged steel and promise indefinite life. The mills are 
driven by 50-h-p. motors, belted to counter-shafts connected 
through heavy friction-clutches with the tube-mill shafts. The 
mills start readily with the use of the clutch, showing a maxi- 
mum starting-peak of 78 h-p.; the running-load varies from 
45 to 48 h-p. The lining, of 4-in. silex set in cement mortar, 
with the narrow edge to the wear, lasts for 12 months, contin- 



NOTES ON THE LIBERTY BELL MINE. 


725 


nous service. The grinders are 4-in. imported flints, costing 
$33 per long ton delivered. The ends are lined with local 
cast-iron ; and the discharge is through a grating, which will 
probably give way to the Ileal cone-discharge. 


Typual Screen- Jest 


Screen-Mesh. 

Feed. 

Discharge. 


Per Cent. 

Per Cent. 

On 40 

47.1 

0.7 

On 80 

29.4 

11.4 

On 100 

8.2 

9.2 

On 200 

6.4 

22.3 

Through 200 

8,9 

56.4 


About one-half of the total tonnage crushed is reground. The 
efficiency of regrinding varies with the degree of the previous 
removal of the slime, the presence of which gives buoyancy to 
the pulp within, and ’makes the grinding poor. From this 
stand-point, the above screen-test is not satisfactory. The prac- 
tice is to force a diaphragm-cone and to care for the overflow 
of sand in a simple cone in series. The discharge from the 
simple cone, which carries an excessive proportion of slime, is 
mixed with the discharge from the diaphragm-cone, to dilute 
it to 48 per cent, of moisture. The result is the loss of much of 
the benefit derived from the diaphragm-cone. It will undoubt- 
edly prove better to combine the overflow from the three 
diaphragm-cones in a single simple cone, and confine the ham- 
pering effect of the fine material to one mill ; or a Dorr classi- 
fier, at this point, would be still better. The feed to the other 
mills being diluted with clear solution, the grinding should 
then be good. 

The work of this diaphragm-cone in preparing feed for a tube 
is remarkable, as the following screen-test shows. The com- 
pleteness of the elimination of small sizes suggests the benefits 
of hindered-settling. The cone in this case is 6 ft. deep with 
60® sides. The diaphragm is 13 in. above the point, with 1.5 
in. annular space. The diameter of discharge is 1.25 inches. 

Screen-Mesh. Cone-Feed. Discharge. Overflow. 

Per Cent. Per Cent. Per Cent. 


On 40 27.22 68.96 0.19 

On 80 24.82 30.66 ' 8.97 

On 100 7.56 6.16 7.44 

On 200 8.89 3.42 17. 

Through 200 . 31.52 1.82 66.40 

Moisture 30.8 
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Fo detailed statement of results from the Dorr classifiers is 
here given. The two machines here were the first erected after 
Mr. Dorr’s original installation at Terry, and being built to fit 
the available space, they conformed to his pattern neither in 
area nor in bottom-slope, and were overloaded in operation. 
Yet the results have been good through four years’ service, 
though not as good, as could have been secured from the larger 
machines. 

The pebbles are fed through the day by the shift-boss, being 
shoveled into the spiral feed ; 135 lb. is the daily charge. The 
mills run smoothly ; and the cost of maintenance is very small. 
The charge for power is 43 h-p. per unit. 

Dorr Continuous Settlers. 

The last great improvement in the mill was the change to 
continuous from intermittent settling, in thickening the pulp 
for agitation. It is not possible to determine the exact results 
of this change. Decided gains were shown by the experi- 
mental unit, and great benefit followed the complete change ; 
but this was partly due to other changes made at the same 
time. The principal advantages of the new arrangement are : 
(1) continuous extraction is secured during the period in which, 
under the previous system, the solutions were inactive or re-pre- 
cipitating; (2) a given volume of settler-space has 26 or 50 per 
cent, increased capacity, when thus operated continuously ; (3) 
the continuous extraction in the settlers has given additional 
value to the plant for settling, as supplementing any defi- 
ciency of agitator-capacity ; and (4) labor has been reduced by 
one man on each of three 8-hr. shifts. 

This plant, originally of five vats, settling the pulp from the 
ratio of 6 : 1 to 2.5 : 1, has been increased to nine vats, settling 
from the ratio of 9:1 to 2 : 1. The increase of solution has 
come with the interpolation, after the battery, of the concen- 
trating-plant, with its great volume of solution for washing and 
classifying. 

The four settlers recently installed have been placed out- 
doors, with individual conical roofe and underneath shaft-drive 
in conduit, with great saving in cost as compared with the 
visual mill structure. The power consumed is 0.2 h-p. per 
unit. 
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Agitation. 

After extensive experiment, the agitator-capacity was pro- 
portioned to the use of a low-potential electric current, to 
hasten extraction ; but the plan of using such a current failed, 
and, without that feature, the space provided proved inadequate. 
This has been remedied, in large measure, by the additions to 
the settler-plant already mentioned. The connecting of all 
agitators in series for continuous operation was a natural 
sequence of the adoption of continuous settling. The results 
appear to be better; but data for exact comparison with the 
previous charge-agitation are lacking. Some saving in labor 
and maintenance is evident. 

The agitators operate steadily with little attention and very 
low cost of repairs ; but the unit-size is too small for a large- 
tonnage plant and the power-consumption (from 6 to 7 h-p.) is 
out of proportion, as compared with Pachuca tank-practice, or 
arm-agitation, as practiced at El Oro, 'No benefit was found 
in spreading the pulp over distributors from the top of the 
central well ; and it is now allowed to plunge from the collar 
of the well. The power-charge is 50 horse-power. 

The Moore Filter-Plant 

The equalizer, Fig. 11, an integral part of the filter-plant, is 
a simple type of slow-speed agitator, equally eflicient for all 
depths of pulp in the vat, and economical of power. It has^ 
been lately patented and put upon the market as the Gordon 
agitator. 

The filter-baskets of 66 leaves, each presenting two 8- by 6-ft. 
free-filtering surfaces, are carried on two 10-in. longitudinal 
I-beams, supported by 6-in. transverse beams which extend to 
the vat-walls. The leaves are of No. 6 (20-oz.) canvas, rein- 
forced on both sides at the bottom of the vertical stitching with 
a 3-in. strip of the same canvas. The vertical seams are on 2- 
in. centers, and the wooden strips between are f by 0.5 in. The 
frame is of 0.75-in. iron pipe on ends and bottom, and the top is 
of strap- and angle-iron. No cocoa-matting or other filler is 
used. 

The leaves are made at the mill, the sewing (No. 4 linen 
thread, in 0.25-in. stitches) being by power-machine (Singer 7-7), 
and cost complete $12 each ; new canvas alone in place costing 
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$8. The life of a filter is 18 months. All canvas requires 
every three months treatment with HCl acid, for which purpose, 
the basket is immersed in a wash-water vat containing 1.25 per 
cent. HCl (18° B.) at 140° F. ; the liquor being circulated 
with a wet-vacuum pump. All the canvas in use can be 
treated in 30 hr. The cost of acid is 0.6 cent per ton of ore. 

The baskets are lifted by hydraulic cranes wdth 20-in. by 9- 
ft. cylinders, and a pressure of 250 lb. Connection from crane 
to water-main is made by specially reinforced quiek-as-wink 
coupling on a short length of metallic hose. The raised basket 
is held by a safety-catch on the crane; and the transfer is 
effected by a 10-h-p., three-phase, constant-speed motor, with a 
three-armed trolley above. Transmission from motor to crane 
is done through a Dodge multiple-disk friction-clutch on the 
motor-shaft. The service is severe ; but the clutch does well. 
The vacuum-connection from the basket, through a 3-in. hose 
to a pipe turning in a stuffing-box, is maintained throughout 
the transfer. 

The greatest single improvement in this plant was the 
change from the common wet-vacuum pumps to a combined 
dry-and-wet vacuum-system, in which all entrained air is taken 
out at the upper end by a dry-vacuum pump (an 8.5- by 10-in. 
vertical duplex air-compressor), and all solution at the lower 
end by centrifugal pumps in a sump 23 ft. below the top of the 
filters. Some leaks in the canvas will occur ; but sand enough to 
destroy a positive wet-vacuum pump in a few hours is harmless 
to the centrifugal. The diagram, Fig. 12, shows the arrange- 
ment. Between the dry column at one end and one solution- 
column at the other, runs the main for current strong solution. 
Parallel, and leading from the same dry column, runs the weak- 
solution main, but to a different solution-column and pump. 
Any basket may be connected with either vacuum-main or the 
blow-oflf water-main, without disconnecting the hose. The 
vacuum is held at from 19 to 20 in, (near the maximum at- 
tainable at the altitude of the mill), and never fails. The 
excellent valve designed to secure this result is shown in 
Fig. 18. It looks like a globe-valve; and its merit lies in 
seating an iron cone in a hard-rubber ring of square section. 
It is impossible for sand to lodge on the ring so as to inter- 
fere with good closing. 
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Filtration is aecomplislied in two groups of three vats each, 
the central one for loading and the other two for displacement 
in water. Basket No. 1 loads in the center vat and is moved 
to the wash-water vat at the right. Immediately thereafter, 
basket No. 2 moves from the wash-water vat at the left to the 
loading- vat. The cycle consumes for loading, 50 ; for trans- 
ferring and drying, 5 ; for displacing and discharging, from 45 
to 55; and for transferring, 5 min. Each load is a 0.75-in. 



Fig. 12.— Diageam of Vacttttm-Connections for Moore Filter-Plant. 

cake, weighing 2,75 Ib. dry per sq. ft., or 9 tons per basket- 
load. This gives a capacity of 108 tons per basket-day and 432 
tons for the plant. Vertical uniformity in loading is secured 
by three air-lifts, which elevate pulp from the bottom of the 
vats and discharge it over the top. 

The practice of displacing at once in water, without an inter- 
mediate wash of barren weak solution, can be approved ordi- 
narily only on the assumption of good displacement and 
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low-strength solutions. Displacement is here ejfficient, but the 
solution (from 1.6 to 1.75 lb. of KON, at this point) is stronger 
than was planned when the plant was designed. A factor in this 
special problem is the 8 per cent, of moisture brought to the 
mill in the ore. 



Fig. 13.-— Vacuum-Valve. 


Average results in washing are shown by the curve. Fig. 14. 
The cake, partly dried, contains 83 per cent, of moisture — 
not taking into account the solution in the pipes and channels, 
which is difficult to determine, but must approximate 1 ton. 
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The cake and passages thus contain a total of 5.5 tons of solu- 
tion, with 8.8 lb. of cyanide and $6.16 per ton in gold and silver. 
The rate of displacement is 0.15 ton per minute. 

In displacement there are two principal objects: the recovery 



of enough strong solution to restore the mill-stock; and the re- 
covery of the dissolved gold and silver in a solution of such 
strength as to insure precipitation. For the first purpose, 36 
min. filtration would be required, if the ore were dry on enter- 
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ing the mill. The solution drawn in this period contains 7.72 lb. 
of K0I7, so that the efficiency of displacement is 87 per cent., 
measured in cyanide ; and since the metal-value is $5.08 per 
ton, the efficiency is 82 per cent, measured in metals. It seems 
fair to accept 84 or 85 per cent, as the efficiency. 

The mechanical loss of cyanide by dilution is that which 
cannot be restored to the mill-stock. The fact that 35 tons of 
water is brought to the mill with the ore makes it impossible 
to secure the maximum theoretical efficiency. From each 
basket-load the solution tonnage recoverable becomes (5.5 — 
0.8)= 4.7 tons, containing 6.84 lb. of KCK The combined 

g g g g 

mechanical loss is therefore — g — 0.22 lb. of KON, or 

$0,047 in cyanide per ton of dry ore. 

As to the second object above named : the recovery of gold 
and silver in 55 min. of washing is $5.93, the apparent loss 
in dissolved metals being $0,025 per ton of dry ore. This seems 
to be a maximum figure ; washing for 70 min. showing an almost 
complete removal. Regular sampling of solution in washed 
cakes is not convenient ; but, so far as it has been done, it 
shows from $0.01 to $0.02 as the value per ton. 

The loss in cyanide by dilution being so small, and the 
recovery of dissolved metals so nearly complete, the only 
remaining consideration is the low average strength, 0.75 lb. of 
EON, of the weak solution. Solution at 0.9 EOE precipitates 
well. The use of a barren wash would insure this strength in 
the weak solution. On the other hand, $0.01 in cyanide per 
ton of ore will restore the few tons of weak solution to sufficient 
strength on the infrequent occasions of poor precipitation. 

It seems that added costs in depreciation, operation, and 
maintenance would offset any gains from an intermediate 
wash. 

The weak solution, after precipitation, is used at low pres- 
sure, to force the cake from the filter, submerged in wash- 
water. An advantageous change would probably be to per- 
form this with air, and thus return a more nearly dry basket to 
the loading-vat. 

The removal of tailings is wholly automatic, by reason of 
the excess of wash-water available. The vat-walls run down 
to three points, across which discharge single jets of water from 
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0.25-in. nozzles, carrying the descending mud through from 0.5- 
to 0.75-in. orifices in the walls opposite the jets. 

The operation of four baskets has been described. The fifth 
is used as a clarifying filter in the seventh vat. All solution, 
whether decanted or filtered, though apparently clear, requires 
clarification to insure clean zinc-boxes. In this service, the 
canvas acquires a remarkably fine, impervious, and tenacious 
coating. To remove this, the basket is returned to pulp-filtra- 
tion after from 10 to 14 days. At times, a coat of pulp has 
been gathered on the canvas before using it to clarify ; but this 



seems an unnecessary refinement, which reduces capacity. The 
charge for power is 30 h-p. The pulp-sampler is illustrated in 
Fig. 16. 

Zmc-Preevpitation, 

This operation shows little that is unusual. The results are 
usually excellent, with average heads of fl.25 and tailings of 
from |0.01 to $0,02. The flow of solution is 0.7 ton daily per 
cu. ft. of zinc, and 2,4 tons per ton of ore milled, 0.8 of the 
whole mill-solution being precipitated. All solution is metered 
above the gold-solution vats by a mechanism devised from the 
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common tilting-box tailings-sampler, Fig. 16. The pans on pipe- 
guides are always submerged, and steady the movement of the 
box, after the manner of dash-pots. Since they are placed 
over the vats, any splash is accounted for in calibrating. Each 
cycle is registered. The home-made zinc-lathe turns out, per 
8-hr. shift, 700 lb. of shavings 0.001 in. thick, which are gath- 



ered on revolving arms in skeins which fit the boxes. The 
sludge is collected semi-monthly, treated with sulphuric acid, 
washed, dried, and melted. Always high-grade, it has recently 
reached a maximum of 92 per cent, of bullion. The drying- 
furnace has a cast-iron muffle, and melting is done in FTo. 150 
graphite crucibles, in coke-furnaces. The charge for power 
in 7 horse-power. 
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Pumping- Plant 

Pumping required by tbe multifarious handling of ore and 
solution is practically all done with an improved Byron-J ack- 
son slime-pump. The pumping-units are in duplicates for pulp ; 
and the plant is described as follows : 


Details of Pumps and Service, 







Life of 

Life of 

Life of 

No. 

Service. 

Pump. 

Speed 

Lift. 

Liner. 

Runner 

Shaft. 




Rev 

Per Min. 

Ft. 

Days. 

Days. 

Days. 

1. 

To classifier, . . . , 

. 4-in. B. J. 

875 

20 

40 

80 

40 

2. 

Middlings returned, 10-in. Frenier 


17 




3. 

Sand to tube-mills, . . 

. 4-in. B. J. 

910 

32 

21 

63 

42 

4. 

Deister feed, . . . . 

, 4-in. B. J. 

750 

10 

180 

Indef. 

120 

5. 

Agitators to equalizer, . 

, 4-in. B. J. 

780 

31 

60 

90 

22 

6, 

Wet vacuum to storage, 

4-in. B. J. 

955 

34 

Indef. 

Indef. 

Indef. 

6a. Same for weak sol., . . 

2-in. B. J. 


34 

Indef. 

Indef. 

Indef. 

7. 

Storage to precip., . 

Piston-pump 






8. 

To mill-feed, . . . 

5-in. B. J. 


76 

Indef. 

Indef. 

Indef. 


The liners used are from to f-in., cast-iron. Manganese-steel 
is to be tried. As it stands, the record shows a good centrifugal 
pump. The table, giving the life of the liners as varying with 
the thickness of the pulp and the proportion of clay to sand, 
indicates the cushioning-effect of the clay. The tube-mill feed 
of nearly clean sand is at one extreme, and the very thick agi- 
tator-discharge, carrying all the clay, at the other. 

Notwithstanding the good service from centrifugal pumps, 
I have had for some years the opinion that the proper pumping- 
equipment for this mill would be a low-pressure compressor, 
with air-lifts for almost all the transfers mentioned, and for 
the mechanical agitation. The supersedure of motors, belting, 
and shafting, with their need of skilled supervision, would far 
outweigh the loss of efficiency in the air-lifts ; and the milling- 
operations would then be extremely simple. 

Use of Chemicals. 

The mill-sheets show the following average in cyanide and 
reagents used : 

Second'Plate 

Battery-Head. Tailings. Filter-Heads. Consumption. 

KCN. P.A. KCN P.A. KCN. P. A. KCN. CaO. PbO. 

1.75 2.32 1.64 1.44 1.50 1.92 1.48 7.6 0,33 

The mixed salt, 99 per cent of KON, is used, no advantage 
being evident in trials of the 130-per cent. salt. A recent con- 
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cession by the makers has led to further trial with the ISO-per 
cent, salt, with better results. Durango lime is used, and the 
figures are in equivalents of caustic soda. Until September, 
1909, lead acetate was used, from 0.25 to 0.80 lb. per ton of 
ore being added at the agitators. Since that time, litharge 
(0.33 lb. per ton) has been added at the tube-mill feed. An 
apparent improvement of 5 per cent, in silver-extraction from 
the charge is shown by inconclusive tests. 

Cost of Operation. 

The following figures cover the period from the beginning 
of operations with the present type of plant. I do not attempt 
to give more than the total department-costs, including the 
expenses readily chargeable to the various departments, and 
leaving other items as a general charge. The ‘^general charge” 
for power covers the power for pumping between departments. 

The first two years were marked by many mechanical difiS.- 
culties. The benefit of the abandonment of the canvas-plant 
and the change to continuous settling was felt in the middle of 
1909. The increase in freight, treatment, etc., in 1910, is due 
to the increase in the tonnage of concentrates. 


January. 


Tons per year ; , 


Year 

1906. 

92,900 

1907. 

102,106 

1908. 

116,353 

1909. 

125,681 

1910. 

133,881 

1911. 

149,760 

Tons monthly average . 


* 

7,742 

8,509 

9,696 

10,473 

11,157 

12,480 

KSuperintendent, 



Labor. 

Cents. Cents. 
1.47 2,03 

Cents. 

1.91 

Cents. 

1.98 

Cents. 

1.85 

Cents. 

1.60 

Heating, . 



0.90 

1.33 

1.34 

1.61 

1.40 

2.48 

Electric plant, . 



1.30 

0.76 

1.07 

1.05 

0.76 

0.60 

Lubricating, . 



0.64 

0.41 

0.24 

0.32 

0.25 

0.26 

Accidents, 

Pumping-plant, 



0.64 

1.33 



1.65 

1.83 

Watchman, 



0.17 

0.13 

0.85 

1,20 

1.03 

1.00 

Examination and tests, 





2.72 

0.13 

0.30 

0.54 

Total general labor, 



4.93 

6.00 

8.56 

6.27 

7.24 

8.33 

Crushing, 



2.48 

3.16 

2.01 

4.50 

4.80 

5.35 

Stamping, 



18.04 

17.28 

16.66 

14.31 

13.70 

10.95 

Begrinding, 



4.94 

1.46 

0.76 

0.66 

1.28 

1.22 

Settling and agitating, 



6.20 

4.51 

4.70 

2.75 

2.36 

2.03 

Filtering, 



13.66 

7.18 

6,18 

5.24 

4.46 

4.00 

Concentrating, . 



12.11 

11.67 

12.27 

7.02 

6.40 

5.05 

Amalgamating, 



5.71 

5.44 

4,63 

4.42 

4.67 

5.30 

Precipitating, . 



6.68 

4.43 

8.42 

2.83 

2.05 

1.96 

Total labor, 



73.75 

61.03 

69.66 

48.01 

46.04 

44.19 
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Supplies. 



Cents 

Cents. 

Cents. 

Cents. 

Cents 

Cents. 

Pipe-lines, 

. 0.61 

1.81 

0.52 

0.43 

1.30 

0.25 

Bins, .... 

. 0.89 

0.58 

0.05 

0.37 

0.03 


Building, 

. 3.19 

2.36 

2.72 

3.38 

3.73 

2.79 

Electric plant, . 

. 2.79 

1.44 

1.13 

0.86 

0.48 

0.74 

Pumping-plant, 

. 1.93 

1.53 

1.01 

2.46 

1.97 

3.13 

Heating-plant, 

. 4 97 

2.80 

2.26 

2.55 

2. 58 

5.10 

Tools, .... 

. 1.00 

0.68 

0.22 

0,36 

0.47 

1.02 

Cyanide, 

. 40.72 

34.19 

37.10 

31.29 

33.90 

30.93 

Alkali, 

. 5.83 

5.91 

6.43 

5 71 

6.45 

4.62 

Lead salts, , . • 

. 1.22 

8.95 

4.09 

2.85 

2.70 

4.18 

Power, .... 

. 2.15 

3.80 

2.96 

2.71 

2.61 

2.24 

Light, .... 

. 1.10 

0.42 

1.67 

1.73 

1.65 

1.48 

Oil and waste, . 

. 0.65 

1.15 

1.00 

1.07 

0.81 

0.86 

Assays and melts, 

. 4.17 

6.64 

4.91 

4.00 

4.16 

4.08 

Examinations and tests, . 


1.24 

1.69 

0.26 

0.17 

0.07 

Miscellaneous, . 

. 0.23 

0.09 

0.06 

0.04 

0.05 

0.05 

Total general, . 

. 71.37 

67.79 

67.63 

60.24 

63. 

60 77 

Crushing, 

. 4.66 

4.80 

2.90 

2.22 

1.77 

1.96 

Stamping, 

. 17.57 

16.85 

13.00 

13.36 

17.80 

14.25 

Eegrinding, 

. 14.89 

10.58 

8.19 

7.05 

6.68 

6.06 

Settling and agitating, 

. 4.95 

3.00 

3.64 

5.20 

4.34 

5.74 

Filtering, 

. 13.80 

10.98 

6.00 

5.59 

7.06 

5.88 

Concentrating, . 

. 3.69 

3.30 

2.85 

4.69 

3.00 

1.87 

Amalgamating, 

. 4.93 

5.53 

4.77 

3.42 

4.04 

2.06 

Precipitating, . 

. 7.76 

7.76 

6.43 

5.68 

6.43 

6.44 

All supplies, . 

. 143.72 

130.41 

115.28 

107.35 

114.00 

104,03 

All labor, 

. 73.75 

61.03 

59.56 

48.01 

46. 

44.19 

Total operating-costs, 

. 217.47 

191.44 

174.84 

165.36 

160. 

148.22 

Depreciation, . 

. 16. 

16. 

13. 

11. 

13. 

lS.Est. 

Freight, treatment, and discounts, 25. 

25. 

24. 

19. 

32. 

32.£st. 

Total metallurgical cost, . 

. 258. 

232. 

212. 

185. 

205. 

193.Bi.t 
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Mill- Efficiency. 

"With the gradual decrease in operating-costs, the percentage 
of extraction has been raised. The actual results are as follows : 


Tahle of Extraction. 


Year* 

1906 

1907. 

1908 

1909 

January 
1910. 1911 

Gold headings, oz. per ton, 

0.351 

0.297 

0.312 

0.242 

0.311 


Per cent, recovered by amalgamation, 

67 

62 

56 

64 

57 


Per cent, recovered by concentration, . 

1 

1 

2 

4 

8 


Per cent, recovered by cyanidation, . 

22 

28 

33 

28 

28 


Total, . 

90 

91 

91 

92(?) 

93 

94 

Silver headings, oz. per ton, 

6.51 

4.63 

4.98 

3.05 

3.45 


Per cent, recovered by amalgamation, 

10 

9 

8 


7 


Per cent, recovered by concentration, 

9 

16 

14 

12 

19 


Per cent, recovered by cyanidation. 

21 

23 

27 

31 

34 


Total, 

40 

48 

49 

50 

60 

60 

Total value pei ton, 

18.83 

9.34 

9.16 

6.78 

8.34 



Per cent, recovered by amalgamation, 

48 

43 

41 

45 

46 

Per cent, recovered by concentiation, . 

4 

7 

6 

6 

11 

Per cent, recovered by cyanidation, , 

22 

26 

32 

31 

29 

Total, 

74 

76 

79 

82 

86 

Summary of Costs, 





January. 



1906. 

1907. 

1908. 

1909. 

1910 

1911 

Mine-production, 

. |;2 30 

2 46 

2.34 

2.29 

2.25 

1.61 

Mine-development, 

. .42 

.57 

.74 

.49 

.30 

.17 

Mine-depreciation, 

. .05 

.06 

.06 

.07 

.08 

.08 

Mine total, . 

. 2.77 

3.09 

3.14 

2.85 

2.63 

1.76 

Tramway-operation, . 

. .34 

.31 

.34 

.28 

.18 

.13 

Tramway-depreciation, 

. .02 

.02 

.02 

.02 

.02 

.02 

Tramway total, . 

. .36 

.33 

.36 

.30 

.20 

.15 

Mill-operation, . 

. 2.17 

1.91 

1.75 

1.55 

1.60 

1.48 

Mill-depreciation, 

. .16 

.16 

.13 

.11 

.13 

.13 ISst. 

Mill-product charges, 

. .25 

.26 

.24 

.19 

.32 

.32 

Mill total, . 

. 2.58 

2.32 

2.12 

1,85 

2.05 

1.93 
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January. 

1906 1907 1908. 1909. 1910. 1911 

Salaries and o£Sce, . • $0.40 39 .28 .25 .25 

Insurance, 06 00 .06 .06 .06 

Taxes, 12 07 .10 . 07 . 08 

Miscellaneous 13 -19 -06 .01 .02 

General expense, total, .71 .71 .47 (?) .39 .41 .89 Est. 


Total cost, . 

$6.41 

6*45 

6.09 

5.39 

5.29 

4.23 

Charges to construction, 

.49 

.24 

.36 

.37 

.36 

.36 Est. 

— 

— 

— 

— 

— 

— 

Total expenditures, 

6.90 

6.69 

6.45 

5.76 

5.65 

4.59 

Credit miscellaneous re- 

ceipts other than ore, 

.14 

.12 

.26 

.33 

.21 

.21 

Net expenditures, 

16.76 

6.67 

6.19 

5.48 

5.44 

4.38 


These figures are given as a service to the public, following 
the practice of Mr. Winslow in making public his annual re- 
ports on the mine. It is hoped that others may derive from 
them some return for the benefits which the author and his 
associates have derived from published accounts, letters, and 
free access to plants elsewhere. Moreover, it is hoped that the 
figures may serve as a warning in some cases and a source of 
encouragement in others. Certainly, a mine-manager embark- 
ing in a new enterprise under similarly hard conditions should 
be able to get from this record some measure of the obstacles 
likely to be encountered. On the other hand, the great im- 
provement of the past two years, here recorded, shows what is 
possible in that .direction. Primarily, this result is the culmi- 
nation of the plans of years towards the retreating-system and 
the concentration of operations in mining — a consummation 
delayed principally by the harassing labor-conditions of 1903- 
1908, and, in part, by the lack of adequate early development. 

Since this mine is situated in a part of the West noted for 
high freight-rates, living-costs, and wage-scales (averaging, in 
this ease, for mine and mill, fS.60 and |3.76, respectively, per 
8-hr. shift), it furnishes an interesting comparison with the 
results secured from the alleged “ cheap ” labor of Mexico. 
This comparison is apt, because, in its metallurgical require- 
ments, the Liberty Bell mine is more nearly comparable with 
El Oro and G-uanajuato than with anything north of the Mexi- 
can boundary. 
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In closing, I wish to acknowledge the courtesy of Arthur 
"Winslow, in granting nae permission to publish the many de- 
tails given, and the valuable assistance given me in the acquire- 
ment of special information by W. H. Staver, M. L. Ander- 
son, W. E. Tracy, and H. Q-. McClain, all of Telluride, Colo. 


Rapid Estimation of Available Calcium Oxide in Lime 
Used in the Cyanide Process. 

BY LUTHEE W. BAHNEY,* STANFORD UNIVERSITY, OAL, 

(San Francisco Meeting, October, 1911.) 

Limb is the alkali that is almost universally added to the 
solutions in the cyanide process of gold- and silver-extraction 
for maintaining the so-called “ protective ” alkalinity. It is 
produced by the burning of limestone. 

The value of lime for this purpose depends upon the per- 
centage of calcium oxide contained, which is determined by 
three factors : 1, purity of the limestone used ; 2, degree of the 
burning-temperature and the period of burning; and 3, length 
of time of storage of burned material, its condition when stored, 
and whether it has been damp or wet during the storage. 

These three factors » render uncertain the quality of lime 
bought in the open market. 

In the United States, lime bought from reliable manufac- 
turers, who thoroughly burn a pure limestone and deliver at 
once to the consumer from the kilns, may be of a fairly-high 
and uniform composition ; but in Mexico and Central America, 
where it is purchased from many small producers, who often 
start with a poor grade of limestone and burn it in small crude 
kilns with as little fuel as possible, the quality of the product 
is quite variable. 

In consideration of the foregoing, it is apparent at once that 
there is a great need for a rapid technical method for the valua- 
tion of the lime to be used in a cyanide-plant. 

The determination of calcium by the gravimetric method, 
with the necessity of determining also the proportion of carbon 
dioxide, silica, and iron, requires too much time, and is usually 
out of the question for an isolated plant unequipped with a 

* Assistant Professor of Metallurgy, Stanford University. 
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skilled chemist and the necessary apparatus. The calculating 
of all the calcium so found to calcium oxide, although some- 
times done, is manifestly very inaccurate. 

Several methods of titration by means of a standard acid 
have been described, and no doubt give results sufficiently accu- 
rate for a technical method, but the objections to these methods 
are that they involve the preparation of a standard solution of 
some acid, usually decinormal hydrochloric acid, which cannot 
be weighed out, but must be standardized with some other 
standard solution. Solutions of the following acids have been 
used by different operators for standardization: sulphuric, 
nitric, hydrochloric, and oxalic. Oxalic acid is perhaps the 
most favorable for this purpose, because a standard solution can 
be prepared by weighing the solid acid and dissolving in water. 
The use of the solution employed to determine the alkalinity 
of the cyanide solutions has also been suggested. 

While the method of standardization with oxalic acid is open 
to the objection that the hydration of the acid may vary some- 
what, yet it yields a solution sufficiently accurate for technical 
work. 

For the purpose of determining the feasibility of using 
oxalic acid, the crystals were dissolved in distilled water, and 
a decinormal solution made. A decinormal solution of pure 
hydrochloric acid with distilled water was also made, and both 
were standardized with a solution of chemieally-pure sodium 
carbonate. 

Pure calcium oxide was prepared by grinding pure white 
crystals of calcite in an agate mortar and igniting the jBLne 
material in a platinum crucible over a strong blast until con- 
stant weight resulted. 

This oxide, cooled in a desiccator, was ground in an agate 
mortar to pass 200-mesh, and the percentage of calcium oxide 
determined gravimetrically ; the result was 99.98, as compared 
•with the theoretical 100 per cent. 

The calcium oxide so prepared was used as a standard 
throughout the succeeding tests. Similar weighed portions 
were titrated with decinormal hydrochloric acid and oxalic acid, 
using phenolphthalein as an indicator, requiring 44.2 cc. of hy- 
drochloric acid or 44.6 cc. of oxalic acid to complete the reactiom 

The solution of oxalic acid used in the subsequent ex- 
periments was made by dissolving 14.6068 g. in enough dis- 
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tilled water to make a liter, this strength being recently sug- 
gested for determining the protective alkalinity of cyanide 
solutions. 

The first experiments were made upon small amounts of 
140 mg., to which was added 100 cc. of water before titration, 
the idea being to have just enough lime present to be theo- 
retically soluble in that amount of water. 

This quantity is somewhat small to handle conveniently, and 
the published method^ of weighing out 14 g., making 1,000 cc. 
of emulsion, removing 100 cc. and again diluting to 1,000 cc. 
and removing 100 cc. for titration, did not give results which 
checked upon low-grade limes ; moreover, this latter method is 
open to the objection of extra manipulation. A larger amount 
was then tried, introduced directly into a fiask in which the 
determination was to be made. 

The weight of lime to be taken was calculated so that each 
cubic centimeter of oxalic acid solution would represent 1 per 
cent, of calcium oxide, as given in the formula : 

Lime Lime Oxalic Oxalic 

56.09 : X : : 126.048 : 1.46068, in whicli x = 650, 

This weight, 650 mg., was used in all the tests, and Table I. 
shows the results, which are sufficiently satisfactory for a 
technical method. 

The titrations were made in the cold by introducing 650 mg. 
of the sample into a 300-cc. Erlenmeyer flask containing 50 cc. 
of distilled water, using phenolphthalein as an indicator. 

Table I. — Results of Titratiov-^Tests for Calcium Oxide^ Using 

Oxalic Acid. 


Calcium 
Carbonate 
Present. 
Per Cent. 

Calcium 
Oxide 
Present. 
Per Cent. 

Calcium 
Oxide 
Determined 
Per Cent. 

Calcium 
Carbonate 
Present. 
Per Cent. 

Calcium 
Oxide 
Present. 
Per Cent 

Calcium 

Oxide 

Determined. 
Per Cent. 

95 

6 

5.2 

45 

55 

54.5 

90 

10 

10.3 

40 

60 

59 9 

86 

16 

15.8 

35 

65 

64.8 

80 

20 

20.3 

SO 

70 

69.6 

75 

26 

25.0 

25 

75 

74.5 

70 

30 

30.2 

20 

80 

80.2 

65 

35 

35.0 

15 

85 

84.8 

60 

40 

40.0 

10 

90 

90.0 

55 

45 

45.0 

i ^ 

95 

94.7 

50 

60 

49.8 

‘ 0 

100 

100.0 


^ Treadwell and Hall, vol. ii., p 453. 
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The results given in Table I. indicate that calcium oxide in 
the presence of calcium carbonate can be determined by this 
method with a fair degree of accuracy. 

Silica, present in most limes, does not interfere. Magnesia, 
also present in most limes in greater or lesser amount, is very 
slightly soluble in water,^ and shows a faint reaction with the 
indicator; but it is of no value as an alkali in cyanide-work and 
should not be shown in a determination of the available alkali 
ill lime to be used for that purpose. 

Fortunately, the point where the alkalinity due to calcium 
oxide stops is readily recognized after a little practice, for the 
color is a vivid pink, while that of magnesium oxide is faint. 
Moreover, the color in the titration of magnesium oxide dis- 
appears with the addition’ of only 0.1 or 0.2 cc. of oxalic acid 
solution, and returns very slowly and feebly, while that of lime 
is rapid and sharp. This is illustrated by the fact that a titra- 
tion of pure calcium oxide requires only 5 min., while the 
same amount of magnesium oxide requires 3.6 hours. 

In order to test the oxalic acid titration in the presence of 
magnesia, two samples of limestones containing magnesia were 
ground to 200-me8h, ignited in a platinum crucible to con- 
stant weight, and titrated. The calcium oxide in each sample 
was determined by the gravimetric method, since there was no 
silica present, and only a trace of iron. The following results 
were obtained : 

Amount of CaO by Amount of CaO by 

G-rayimetnc Method. Oxalic Acid Method. 

Per Cent. Per Cent. 

Sample No. 1, . . 67.6 57.6 

Sample No. 2, . . 50.4 61.0 

These results indicate that the magnesia does not interfere. 
Its presence can be judged by the behavior of the titration, and 
the approximate amount can be quite accurately estimated by 
continuing the titration, if one has the time needed. 

Iron oxide in considerable amount is sometimes present in 
impure limes, and it obscures or masks the color of the in- 
dicator, but if the precipitate be allowed to subside the titra- 
tion may be carried out to within 1 per cent, of the correct 
result. 


® Come/s Diciimarv of SohibUities. 
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The determination of the amount of carbonate present in an 
imperfectly burned lime may be carried on as follows : Grind 
the sample to pass 200-mesh, weigh out 650 mg. and make the 
titration in the usual manner; call this result No. 1, “Avail- 
able Calcium Oxide.” Ignite 660 mg. of the finely-ground 
sample in a muffle or over a blast-lamp, and make a second 
determination; call this result No. 2. Subtract No. 1 from 
No. 2, divide by 1.78, and the result will be the amount 
of carbonate present. 

Details of the Method. 

The sample must be ground to pass through a 200-mesh 
screen. Into a 300-cc. Brlenmeyer flask place 50 cc. of distilled 
water; then add the 650 mg. of the finely-ground sample, 
stopper the flask, and shake vigorously for 10 see.; add two 
drops of solution of phenolphthalein, and then run in the 
standard solution of oxalic acid until the pink color is dis- 
charged; then replace the stopper and again shake. When 
the color returns, if it is due to lime it will be a bright, vivid 
pink, and the addition of perhaps 0.5 cc. of solution will be 
necessary to discharge this color, but if the flask is again 
shaken and the color is a faint, weak pink returning slowly, 
this is the end-point for the lime, and indicates that the 
magnesia is asserting itself. 

At all times during the addition of the oxalic acid solution 
the flask should be violently shaken, being careful not to allow 
any of the solution to splash out, so the calcium oxide will pass 
into solution. In nearly every instance of titration of a high- 
grade lime, the pink color remained vivid nearly to the finish, 
which shows that the calcium oxide is rapidly soluble. 

If a complete titration is allowed to stand for from 15 to 30 
min. the pink color will return and show as brightly as in the 
beginning. 

The reading of the burette is in percentage of calcium oxide. 

The solutions necessary are : Oxalic acid, 14.6068 g. of pure 
crystals dissolved in enough water to make a liter of solution. 
Phenolphthalein, 0.5 g. dissolved in 50 cc. of alcohol and 50 cc. 
of water. 
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Electrolytic Oxygen in Cyanide Solutions. 

BY T. H. ALDRIOH, JR., BIRMINGHAM, ALA. 

(San Francisco Meeting, October, 1911 ) 

There are two conditions generally prevailing upon the 

earth those within atmospheric influence, tending towards 

oxidation, and those away from atmospheric influence, tending 
towards reduction. Practically all mineral substances from 
mines of any depth are in a reducing condition. 

Since the cyanide process, in order to dissolve silver or gold, 
requires that the prevailing conditions under which it operates 
shall be oxidizing, and the materials usually acted upon being 
of a reducing character, it becomes necessary to supply oxygen 
to the solution carrying the cyanide. This oxygen is usually 
supplied through the medium of dissolved air in the solution, 
or through the medium of various chemical compounds, which 
upon combining with the solution or the ore give off a part of 
their oxygen. 

Strange as it may seem, practically all mineral substances 
are partly soluble in water, especially water carrying alkali or 
cyanide. The greater the surface exposed and the finer the ma- 
terial is ground, the greater will be the rate of dissolving of the 
reducing-agents from the ore into the cyanide solution. In 
most cases, if the solution carrying the ore particles is agitated 
with air, the air will dissolve into the solution faster than will 
the reducing-agents; but in some cases the reducing-agents 
will dissolve more rapidly on account of easy solubility or 
greater surface exposed. It is a dissolving race between the 
oxygen from the air and the reducing-agents from the ore, and 
if the reducing-agents predominate, cyanide will not dissolve 
the gold from the ore. In many cases it will dissolve some of 
the gold, because in a mass of irregular shape some of the gold 
particles might be exposed upon the outside surface of a parti- 
cle of rock; but if the solution had to penetrate through 
cracks, the side-walls of which were lined with reducing-agent- 
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producing material, before the solution carrying oxygen could 
reach the gold it would have lost its oxidizing power. For 
this reason in many cases cyanide solutions will produce only a 
partial extraction of the gold or silver present. 

It occurred to me that since water is composed of hydrogen 
and oxygen, if it be decomposed by the electric current, the 
hydrogen would bubble away and the oxygen would be carried 
by the solution. This was tried in December, 1908, upon an 
ore carrying amorphous iron sulphides from which all the 
gold could not be dissolved by cyanide with simple air-agita- 
tion, no matter what the cyanide strength or how great the 
time, although the gold as revealed by the microscope was all 
metallic. The process was tried first in an inverted bottle with 
the bottom cut out, the air being forced in through a glass 
tube in the cork to agitate the pulp. Two lead plates were 
inserted in the agitated pulp at the top. These plates were 
about 4 in. long and 0.5 in. wide, and in. thick. Through 
them was passed the current of an incandescent lamp, which 
being in series and burning dimly gave about 0.25 ampere of 
current. The results were excellent from the beginning. The 
value of the ore was $4 per ton. It was ground in a tube-mill 
so that 60 per cent, passed a 200-mesh screen. The value of 
the tailings, after 48 hr. agitation with air alone, was |1.25; 
but after agitation for 2.5 hr, with air and electrodes inserted 
in the pulp as described above, the value was reduced to $0.40. 
This typical result was verified perhaps a thousand times, with 
uniformly good results. 

In testing our solutions, a 2-lb, solution of cyanide is test 10, 
The alkali is tested on the basis of ten points over and above 
the alkali due to the cyanide, test 10 being a 2-lb. solution of 
caustic soda. The reducing-agents were tested with a 1 per 
cent, solution of potassium permanganate, 1 cc. of which in 10 
cc. of the solution, after acidulating, equals test 10, it being 
much easier to keep track of these solutions by simple num- 
bers than by keeping the records in pounds per ton. 

numerous tests were made in order to determine a proper 
electrode. Lead was found to be the best material. Many 
other substances, such as carbon, worked very well, but with 
the alternating current, there being no consumption of the lead 
electrode, lead proved most satisfactory. 
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The following tests upon the working-solution show the 
eifect of the different electrodes. All the tests were made at 
the same time and with the same solution, using the direct 
current. 


Lead electrode : Time, 4 min. ; 0. 25 ampere current. 

KCN. Alkalinity. Dbl. Redueing-Agents 

Before, . . 8 4* 1 5 ® 

After, . . 12 -1-2 0 4 


Iron electrode ; Time, 6 min. ; 0.25 ampeie current. 

KCN. Alkalinity. Dbl. 
Before, . . 8 + 5 

After, . . . 4- SJ 0 

Iron electrode : Time, 12 min. ; 0.25 ampere current. 

KCN. Alkalinity. Dbl. 

6 0 
(Showing destruction of the cyanide.) 


Reducmg-Ageiits. 

6 

3 


Reducing-Agents. 

2 


Lead electrode : Time, 10 min. ; 0.25 ampere current. 

KCN Alkalinity. Dbl. Reducing-Agonts. 

12 3 3 


There seems to be a regeneration of cyanide, and the process 
is certainly cheaper than any added oxidizer or even air-agita- 
tion of the solution. 

We found by numerous experiments that the alternating 
current was as good as the direct current, and bad the addi- 
tional advantage of giving no deposit on the electrodes at 
lower current-density, and with lead there was no consump- 
tion of the electrodes even w^here the ore-pulp flowed over the 
electrodes. The way I explain this result is as follows : 

Under the prevailing conditions certain electro-chemical 
actions take place by which the particles composing a molecule 
of a compound are resolved into the parts that the applied cur- 
rent-strength would resolve them into, and go into the solution 
on the one wave, and they do not re-combine on the returning 
current wave. In other w’^ords, dissociation takes place with- 
out being followed by re-combination. At any rate, no matter 
how the action is explained, it is carried on and works satisfac- 
torily. 

In electroplating, if the current is of low density the material 
deposited will be dense. If the current-density is increased, 
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the material deposited will be spo)igy. If the current-density 
is still further increased, the material which should be depos- 
ited will be disengaged by the action of the gases, and practi- 
cally no deposit will result, the material going into the solution 
in a more or less spongy condition. We found that with a 
very high current-density no deposit of gold or silver accumu- 
lated upon the lead electrodes with direct current. Some of 
the electrodes after being in use six months were scraped, and 
the scrapings assayed, and showed only a trace of gold and 
silver. 

Electrolyzed solution seems to be especially eifective when 
used in connection with lead acetate or litharge added in the 
tube-mill during grinding. The electrolyzed solution going 
to the tanks shows no sulphocyanides, whereas, before the bat- 
teries were put in use, the solution showed a large amount. 

As finally used in practice in January, 1909, a battery, sup- 
plied with alternating current, was placed in the barren sump. 
This battery consisted of 18 plates in series, each plate 6 by 6 
in., with 110 volts between the two. The plates consumed 15 
amperes, and produced sufficient oxidizing effect, or whatever 
other efl:ect it may be, to keep the solution in condition to treat 
daily 40 tons of this ore. These plates, made of ^-in. sheet- 
lead, were built so as to form hollow rectangles in section, the 
rectangle being 6 in. high, 6 in. long, and 1.25 in. wide inside. 
The two ends were lapped at the top and holes punched. The 
plate was bolted to a paraffined plank 1 by 6 in. in section ; 
18 of these plates were connected in series. The distance be- 
tween any two plates was | in., and, of course, the current 
w^ould travel principally across the ^-in. gap, instead of around 
the If-in. gap, from plate to plate. Lead wires were used 
from the surface of the solution down to the plates. W% ground 
the ore in the tube-mill so that 60 per cent, would pass a 200- 
mesh sieve. Previous to using the batteries in the sump, the 
extraction in the tube-mill was 20 per cent, during grinding; 
after the batteries were used, the extraction in the tube-mill 
was 75 per cent. The effect of the batteries seemed to build 
up in the solution gradually and to lose from the solution 
gradually when the operation of the batteries was discontinued. 

During two months in the fall of 1910 the mill was working 
coarse ground, partlj’-oxidized ore carrying considerable sul- 
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phides. The water at the hydro-electric plant was low, and 
the use of the batteries was discontinued because the mill was 
driven with steam, and no arrangement had been made to sup- 
ply alternating current from any but the hydro-electric plant. 
During this time the tailings on $4 ore went up to $1.25 per 
ton, and immediately after the rains gave sufficient water to 
drive the hydro-electric plant, the values in the tailings dimin- 
ished until $0.20 per ton was reached on identically the same 
ore with the same head-values ; moreover, the reducing-agents 
dropped from 16 to 4. The time occupied in getting the work- 
ing-solution up to this condition was two weeks. I consider 
that this process owes its value almost entirely to the presence 
of oxygen due to electrolysis, putting the solution ahead in 
the race with the reducing-agents and causing the gold and silver 
to dissolve in spite of the reducing-agents. However, it does 
not stop the reducing-agents from dissolving also, and although 
it produces solution of the gold in spite of the reducing-agents, 
it does not help precipitation, and if the reducing-agents are 
not decomposed by the batteries — and all of them are not — ^they 
build up in the solution rapidly to a point where zinc-shavings 
will not precipitate the gold. 

Of course, in practice the cyanide solution contains reducing- 
agents of many kinds. The electrolytic action seems to reduce 
the influence of some, but not all of them. For example, I ex- 
perimented on some highly-graphitic ore, and whether the 
normally-poor extraction was due entirely to the graphite or 
not, I do not know ; but the solution, after electrolyzing, gave 
a very much better extraction than before electrolyzing. The 
action seems to decompose the sulphocyanides and the solu- 
ble sulphides, but not the alkaline sulphides and all of the 
many others always present. 

A test on the electrolyzed solution 18 months after the bat- 
teries were installed showed : 

Working-solution with alternating current, 0.25 ampere, and lead electrode. 

KCN. Alkalinity. Dbl, Reducing-Agents 

Before, .... 8 1 0 16 

After 10 min. electrolysis, 8 0 15 

showing that the solution remained practically the same, or 
was electrolyzed as much as was necessary. However, testing 
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some of this same solution farther by placing a piece of gold 
leaf upon its surface and allowing it to float, the gold leaf was 
dissolved in 71 min. on the working-solution and in 50 min. 
on the re-electrolyzed solution, showing that the additional 
electrolysis, although it had no apparent effect on the solution, 
gave an increased dissolving-rate. Grease in the ore or on the 
surface of the barren sump seemed to dissolve very rapidly in 
the treated solution and slowly in the untreated solution. We 
tarred our tanks inside and coated them with black oil out- 
side, and more or less grease was frequently floating upon the 
surface of the solution where this effect was noticed. 

Since the installation of this process it has treated success- 
fully at this plant 25,000 tons of ore of all kinds, oxidized, 
partly oxidixed, and sulphides. Previous to the use of the bat- 
teries, in treating sulphide ores, the average cyanide-con- 
sumption was 1 lb. per ton, in some months running as high as 
1.1 lb. After the use of the batteries the average was 0.45 lb., 
running for some months as low as 0.23 lb. per ton of ore 
treated. 

We tried using batteries in the agitated pulp and in the solu- 
tion, and found the result to be just as good if the plates were 
inserted in the barren sump as if inserted in the agitated pulp. 
The original lead plates placed in the barren sump are still 
there and in operation. They cost about $4 to insert originally 
and were inspected after 26 months of practically continuous 
service, and are to-day just as good as when they were first 
put in use. 

I have applied for no patents on this process and do not 
expect to, and any one is free to use it. It should be a cyanide- 
saver, an accelerator, and a general solution-purifier. 



752 


SLIME-FIIiTRATION. 


Slime-Filtration. 

BT GEORGE J. YOGUG,* RENO, NEV. 

(San Praneisoo Meeting, October, 1911.) 

The nature of slimes handled, in the treatment of gold- and 
silver-ores has been discussed in technical literature to a coti- 
siderable extent. The subject of slime-filtration from the practi- 
cal worker’s stand-point has also received much comment, and 
scattered through the literature of the subject are descriptions 
of many slime-filtration installations. Articles of this nature 
serve a valuable purpose and assist materially in the design of 
new and the improvement of old plants. The subject of the 
physics of slime-filtration has been touched upon to only a 
slight extent. The underlying principles are worthy of more 
intensive study and experimentation than they have received, 
and the main purpose of this paper is to present the results of 
such study and experimental work as will serve to make clear 
in part at least many of the principles which control the filtra- 
tion of slime. 

Nature of Slime. 

Much has been written concerning an accurate definition of 
the term “ slime,” but no comprehensive definition seems to be 
generally accepted. The reason for this is clear. A slime 
consists of at least three different substances, each, when sepa- 
rated, possessing distinctly different physical and to a certain 
extent chemical properties. These substances are extremely 
fine sand, a colloidal material which may be and generally is 
in a coagulated condition, and a colloidal material which is in 
a non-coagulated condition. Suspending a slime in a relatively 
large volume of water by shaking and allowing sedimentation 
to take place, results in the fine sand settling out with com- 
parative rapidity, followed by the coagulated material, which 
settles much more slowly and finally a certain portion remains 
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indefinitely suspended. To the settled, coagulated portion 
some writers have given the term gel^ and to the suspended 
portion the term sol. The physical properties which distinguish 
the fine sands are, the angular character of the grains and the 
comparatively rapid settling in water. With most quartzose 
ores the sand grains are composed of silica, although con- 
stituents of the ore, such as silicates or oxides, also characterize 
the sand portion of the slime. The coagulated colloid consists 
of aggregates of rounded grains together with individual 
grains, settles much less rapidly, possesses the property of floc- 
culation and deflocculation, has the property of absorbing cer- 
tain dyes, and a distinctive chemical composition. Clays and 
hydrated silica are the two colloids most likely to occur in 
quartzose ore. The former is a common constituent of many 
ores, the latter is perhaps seldom present. For practical pur- 
poses, clay, or hydrated aluminum silicate, may be considered to 
be the chief colloidal constituent, and, mixed with fine sand, 
to constitute the coagulated portion of a slime. Inasmuch as 
the ordinary mill-slime is quite well coagulated by the liberal 
use of lime, the metallurgist has to deal only with mixtures of 
fine sands and coagulated colloid. 

The distinctive properties of a slime depend upon the rela- 
tive proportions of fine sand and colloid. Assuming all colloid 
and no fine sand, we would have a material which could not be 
leached, and which would filter very slowly, and under certain 
conditions not at all ; assuming all fine sand and no colloid, 
we would have a leachable material. In a moist condition a 
slime may be likened to a clay; with a large proportion of 
sand a short clay ” or a clay of moderate plasticity would be 
the result; with a small proportion of sand a fat'^ clay or a 
clay with a high degree of plasticity would result. With suf- 
ficient moisture a slime partakes of the character of a viscous 
fluid, and in this very fine sand will be almost indefinitely 
suspended, and little or no separation of fine sand from colloid 
will result. This latter statement is true of sand finer than a 
150-mesh screen. With coarser sand, the coarse sand particles 
tend to settle out quite rapidly. By increasing the proportion 
of water successive crops of finer and finer sands can be settled 
out until a point is reached where the particles of coagulated 
colloid and the finest sands settle at the same rate. Beyond 
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this point no further separation of sand from colloid is possible. 
No sharp line in the mechanical separation of sand from col- 
loidal material being possible, it is necessary to use a definition 
which will embody some limitation as to the size of the maxi- 
mum sand grain. Successive screen-sizes have been used; 
first a 100-mesh screen, then a 160-mesli screen, and, finally, a 
200-me8h screen ; and this is the accepted present practice in 
milling-work. All material in a pulp finer than a 200-mesh 
screen is considered as slime. The definition, that a slime is 
the unleachable portion of a mill-pulp, is still in use. 

A more comprehensive definition than the foregoing is : a 
slime consists of a mixture of sands finer than 150- or 200- 
mesh screen with an amorphous clay-like material, consisting 
principally of hydrated aluminum silicate. 

The general method of slime-treatment is to agitate the slime 
with a cyanide solution for a suflS.cient time to dissolve the 
gold, and then, either to filter off the surplus solution and dis- 
place the remainder with water, or to thicken the slime by 
settlement and decantation, and then to filter and displace the 
remaining solution by water. 

The mechanical appliances in use for filtration are grouped 
as follows : 

I. Suction-filters, or filters in whicli a vacuum is used to accelerate filtra- 
tion. 

A. Appliances using a thin slime-cake and practically continuous in their action, 
(Oliver and Ridgway filters.) 

R, Appliances using a thick slime-cake and intermittent in their action. (Moore 
and Butters filters. ) 

II Pressure-filters, or filters in which hydrostatic head, compressed air or 
pumps are used in order to secure greater pressures than are 
possible with a vacuum-pump. 

These filters are intermittent in their action. 

C, Ordinary filter-presses. 

Z>. Sluicing filter-presses (Merrill filter-press. ) 

E, Filtering-chambers or cylinders; filters in which the filtering-basket is in- 
closed in a cylinder. (Burt, Kelly, and Sweetland filter-presses. ) 

III. Centrifugal filters, or filters in which centrifugal force is used to sepa- 
rate solution from slime. 

These filters are continuous in action. 

The filters in Sections I. and IL, with the exception of the 
Ridgway, employ vertical filtering-surfaces. The Oliver ^ makes 
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use of a revolving cylindrical surface as a filtering-surface. 
Centrifugal filters are in process of development, and have not 
as yet secured any foothold in gold- and silver-metallurgy. It 
is not improbable, however, that some comparatively simple 
filter based on the use of centrifugal force will be perfected, 
and will successfully compete with the other forms. At 
present the suction-filters are in greatest use. Of the pressure- 
filters, the ordinary filter-presses have gone out of use, except 
as clarifying-presses, and filters of groups D and E only are 
in use. 

The development of slime-filtration is of interest. Filter- 
presses and filtering-beds in vats were first used. The filtering- 
beds were soon discarded and the filter-press systematically 
developed. The size of the press was increased, mechanical 
devices to facilitate discharge and decrease the proportion of 
labor required were invented and introduced ; but in spite of 
all this the cost of treatment in filter-presses remained high. 
In western America the filter-press never received much recog- 
nition, but in Australia filter-pressing was extensively intro- 
duced, and slime was successfully handled by this method. It 
remained for an American, Charles A. Merrill, to complete the 
last improvement in the filter-press. By the introduction of 
the sluicing-system the slime-cakes could be washed out of the 
filter-cells and the press operated without opening or separat- 
ing the filter-plates for each charge. This improvement 
reduced the labor and cost and increased the eftectiveness of 
the filter-press. The Merrill press represents the culminating 
point in the filter-press line of development in slime-filtration. 

The Moore filter was the first suction-filter in the field, and, 
while it did not score any very decided success in the first in- 
stallations, it did attract the attention of metallurgists to the 
idea involved. While the Moore Filter Co. was perfecting the 
mechanical features of its filter, the Butters filter was intro- 
duced, and so many of the difiS.culties of the Moore filter were 
overcome in the Butters, that this latter filter received wide- 
spread recognition and was introduced into many milling- 
plants. The Moore filter introduced the idea of the canvas- 
covered filtering-cell immersed in the slime-pulp and utilizing^ 
suction to draw the solution through the walls of the cell and 
to build up a cake. The necessary transfers are made by lift- 
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ing the filtering-basket out of the pulp. The Butters filter 
introduced the idea of a stationary filtering-cell, and effected 
the transfers by pumping the slime-pulp and wash-water from 
the vat in which the filtering-cells were immersed. The rela- 
tive merits of the two systems have been sufficiently discussed 
in the technical literature. Both the Moore and the Butters 
filter have reached a point where little or no further improve- 
ment seems possible. Like the Merrill, either one of these 
systems will satisfactorily meet the requirements of slime- 
filtration. 

The combination of the ideas involved in the filter-press 
and the suction-filter is seen in group JE, or the filtering- 
chambers. The Kelly, the Burt, and the Sweetland may be 
compared to a Butters filter installed in a pressure-tank. 

The efil'ort to secure a continuously-acting filter has resulted 
in two important types being developed, of which the Ridgway 
and the Oliver are the best known. Both of these filters utilize 
a comparatively thin slime-cake. Both operate very success- 
fully, and compared with the thick-cake machines have de- 
cided advantages, briefly stated as : simplicity of design ; prob- 
ably lower capitalization-charges for equal capacities; lower 
operating-costs; and less attention required in the operation. 

With the exception of the Oliver filter, the general method 
of operation of both suction- and pressure-filters is the same. 
The slime-pulp is delivered to the filter in the proportion of 
one of dry slime to from three to one of solution. The pulp 
is forced into the cells of the pressure-filters and a cake formed 
against the canvas walls of the cells, the surplus pulp, if any, 
is withdrawn, and wash-water forced in until the contained solu- 
tions are displaced. The cake is then forced off from the can- 
vas surface, either by water or air or a combination of both, 
and sluiced out. In the vacuum-filter the filtering-cells are 
immersed in the pulp, a vacuum is formed, and a cake built up; 
;he surplus pulp is then withdrawn either by lifting the filtering- 
iells out or by withdrawing the pulp by pumps, and the cakes 
are immersed in water for washing. In the Moore filter the 
cakes are discharged by forcing them off from the cell by water 
or air and dropping into a hopper for sluicing away; in the 
Butters the cake is forced off in the same way, but while still 
immersed in the wash-solution. The wash-solution is then 
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withdrawn, either by decanting or pumping, and the slime-cake 
and surplus wash sluiced out. The Oliver filter performs the 
operations of cake-formation, washing, and discharge in con- 
tinuous sequence. Three steps may be designated as common 
to all these filters: cake-formation, washing, and discharge. 
The cycle of operations of the more common forms of filters 
is shown in Fig. 1. Typical examples have been taken in each 
case. 

The conditions under which slime-cakes are formed and 
washed are the critical points to be considered ; the discharge 
and sluicing away of the cake is a comparatively simple mat- 
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Fig. 1. — Cycle of Opekatior of Various Filters. 


ter and requires no special comment. My experimental work 
was largely confined to suction-filtration, and pressure-filtration 
was only briefly studied. The method of carrying out the ex- 
periments may be summarized as follows : After trying out 
several different sizes and types of filter-cells a test-filter of 0.5 
sq. ft. filtering-surface was decided upon, shown in Fig. 2. A 
ribbed wooden support with J-in. grooves and J-in. ribs was 
used to support the canvas surface. Brass side-strips and a 
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slotted brass bottom-strip were used to protect the cake and 
to assist in measuring, A type slime was obtained by classify- 
ing a pulp from a Tonopah quartzose ore which had been 
crushed in a stamp-battery. The slime was settled by the use 
of lime, and then by repeated settlement all the coarse and as 
much of the fine sand as possible were settled out and removed. 





END 

Fig. 2. — Filter Used in Experimental Work. 


The slime-pulp remaining was settled to a thickness giving a 
density of 1.3. The screen-analysis of this slime approximated ; 


Per Cent. 

On 100-mesh, 0.1 

Plus 150, minus 100, l.S 

Plus 200, minus 150, 1.2 

Minus 200, and less than 2 min. settling, .... 20.0 

Settling in from 2 to 4 min., $.5 

Settling in from 4 to 8 min., 11.6 

Eemainder, 3 
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Of this slime-pulp, 97.4 per cent, passed a 200-mesh screen. 
Fine sand passing a 100-mesh screen was used in securing the 
necessary mixtures. The filtrate was measured in a Woulfe 
bottle, to which was attached a vacuum-gauge. The vacuum 
was obtained by a small single-acting pump exhausting from a 
10-gal. vacuum-tank. A short length of hose connected the 
Woulfe bottle with the tank. The slime-mixtures were made 
up in buckets and heated to the temperatures as required. 
Variations in pressure, temperature, and slime were the main 
points studied. 

Filtering-Rate. 

The rapidity with which a cake may be formed depends upon 
the filtering-rate of the slime, the thickness of the cake, the 
temperature and density of the pulp, and the intensity of the 
vacuum. The filtering-rate of a slime, which is numerically 
defined in this paper as the number of pounds of water drawn 
through 100 sq. ft. of filtering-surface per minute, depends, for 
a cake of given thickness, upon the character of the slime, the 
density of the slime-cake, the suction-pressure, the temperature, 
and, to a moderate extent, upon the character of the filtering- 
surface and its support. These factors are so interrelated that 
it is impossible to conduct any series of experiments which 
would exactly show the effect of varying them. At best, the 
results are approximations. 

Fig. 3 shows the variation of the filtering-rate with variable 
thickness of slime-cake both while building up and in clear 
water. The curves represent the averages of a number of tests 
in which temperature and pressure were practically the same 
for all. A No. 10 canvas was used. In carrying out the ex- 
periment the filter was immersed in the pulp for 5 or 10 min. 
and a cake built up. This cake was then quickly removed, its 
thickness measured, and the filter immersed in clear water. 
After determining the filtering-rate, the filter was replaced in the 
pulp and an additional thickness built up. The filtering-rate 
during building up was determined by calculation from the 
amount of water passing while building to a given thickness. 
The difference between the two curves is comparatively slight 
and indicates that the filtering-rate during building up a cake 
is greater in the pulp than in clear water for thin cakes, while 
for the thicker cakes the reverse is true. 
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Fig. 4 shows the effect of variation of pressure upon the fil- 
tering-rates of cakes of varying thickness. Three pressures 
were used— -11.35, 17, and 21.5 in. of mercury. The last 
pressure is about the maximum obtainable in Nevada practice. 
The general effect of increase of pressure is to increase the fil- 
tering-rate. This is more marked with the thin cakes, while 
with the thick cakes all three curves tend to run together. 
With thick cakes the effect of an increase of pressure is to in- 
crease the density of the cake and thus reduce its permeability. 
With higher pressures this effect is more marked, and indi- 
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cates that a point would soon he reached where the increased 
pressure would result in decreased filtering-rate. This is par- 
ticularly true of slime containing a 'small proportion of sand, and 
much less so with slimes containing a large proportion of sand. 
Sweetland, in his paper, Pressure Piltration,^ shows for pres- 
sures up to 65 lb. per sq. in. a progressive increase in the 
filtering-rate for slime-cakes varying from 0.5 to 1.76 in. The 
slime used in the Sweetland experiments was obtained from the 
Goldfield Consolidated mill. Unfortunately, neither a physical 
analysis of the slime nor the density of the slime-cakes formed 


* Mining and Sdmtific Frm, vol. xcix., No. 26, p. 853 (Dec. 26, 1909). 
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is given in the paper. The slime-pulp of the Groldfield Con- 
solidated mill is distinctly of a sandy nature and would be 
expected to give results of this kind, whereas a very clayey 
pulp would give results of an opposite character. Experiments 
with a slime similar to the type slime, and with pressures rang- 
ing from 10 to 30 lb. per sq. in., showed an increase in filtering- 
rate from 11 to 16 lb. of water per 100 sq. ft per min. for a 
cake of 0.25 in. thick; for a 0.5-in. cake an increase in pres- 
sure from 20 to 30 lb. decreased the filtering-rate from 10 to 7 
lb.; for a 0.75-in. cake an increase in the filtering-pressure 
from 20 to 30 lb. made no difference in a filtering-rate of 6 lb. 
R. Gilman Brown, in his paper. Cyanide Practice with the 
Moore Filter,® in discussing the treatment of a very clayey 



Fig. 4. — Effect op Vauxation- op Peessure upon Filtbring-Eates, 

No. 10 Canvas. 

slime at Bodie, says: ‘^Filter-pressing was tried and aban- 
doned, because an eighth of an inch of pure slime would make 
the cloths impervious, even under 120-lb. pressure; and even 
if the slime was mixed with fine sand, the filtering was so slow 
that the sand settled out in the chambers, with the same re- 
sult.’’ The practical conclusion that may be drawn from a 
study of the effects of pressure in filtration is that, with mate- 
rial of a permeable nature such as a sandy slime, increased 
pressures over those obtainable by means of vacuum-pumps are 
advantageous, while with material in which only a moderate to 
a small amount of sand is present and the permeability low, 
the use of higher pressures offers no advantages over those ob- 
tainable by vacuum-pumps. In the use of both the Moore and 


* Mining and Sdentifio Frm^ vol. xciiL, No. 9, p. 261 (Sept. 1, 1906). 
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the Butters sj^stems, experiments should be made with different 
intensities of vacuum, for it may be found that a vacuum lower 
than the maximum obtainable with the available apparatus 
will give a higher filtration-rate, and thus decrease the time for 
both building up and washing. 

Fig. 5 gives the comparative filtering-rates of five slimes. 
The same test-filter, temperatures, and pressures were used in 
each case. li^’o. 10 canvas was used on the filter. The slimes 
used were: a clay slime (a very plastic fire-clay) containing 
about 40 per cent, of sand which settled out in 1 min.; the 
average of the results on the type slime; a slime from a Vir- 
ginia City tailings-pond ; the type slime containing 37 per 
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Fig. 5.— Filteeing-Rates of Five Slimes, No. 10 Canvas. 


cent, of fine sand (determined on the basis of 1 min. settle- 
ment); the type slime with 52 per cent, of fine sand (deter- 
mined on the basis of 1 min, settlement). The type slime on 
the basis of 1-min. settlement gave 6.6 per cent, of fine sand. 
-B and G respectively represent the 37 and the 52 per cent, 
of fine-sand slimes. 

The filtering-rate curves for the type slime and the Virginia 
City slime are coincident. The increase in the proportion of 
fine sand from 6.5 to 37 per cent, makes but very little differ- 
ence in the filtration-rate. A farther increase to 52 per cent, 
shows a marked increase in the filtering-rate (curve 0)- While 
the clay slime has a greater proportion of fine sand than either 
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the type or jB, the filtering-rate curve is much lower. The con- 
clusions which may be drawn from these experiments are: 
slimes from similar ores subjected to the same metallurgical 
treatment give similar filtering-rate curves ; a moderate varia- 
tion in the proportion of fine sand gives filtering-rates differing 



Fig. 6. — Effect of Tempeeatuee Upon Filteeing-Eates of Slime- 
Cakes, No. 12 Duck. 



Fig. 7. — Effect of Tempeeatuee Upon Filteeing-Bates of Sand- and 
Slime-Cakes, No. 12 Duck. 

only to a small degree, while a considerable increase in the 
proportion of fine sand increases the filtering-rate ; the propor- 
tion of colloidal matter, or, in this case, clay base, has a marked 
influence upon the filtering-rate; much more, relatively, than 
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the effect of fine sands in increasing the filtering-rates. The 
amount of clay is the dominating factor in filtering-rates, and 
this fact is indicated by the curves approaching a common 
point as the thickness of the cake is increased. 

Fig. 6 shows the effect of temperature upon the filtering-rate 
of the type slime. A No. 12 canvas was used on the filter for 
these experiments. For thin cakes the increase in filtering-rate 
is more marked than for the thicker cakes. The same ten- 
dency of the rate-curves to ran together for the thicker cakes 
is to be noted. 



Fig. 8. — Compaeison of Fn/rBRiirG-KATBS, No. 12 Canvas. 

Fig. 7 shows the effect of temperature upon a slime contain- 
ing 60 per cent, of fine sand and the type slime. The marked 
increase in filtering-rate with moderately elevated tempera- 
tures is so noticeable as to indicate a condition of considerable 
practical importance. By increasing the temperature of the 
pulp greater capacity could be readily obtained with a given 
unit. Fig. 8 compares the filtration-rates of the clay slime, the 
type slime, and the several sand-slime cakes. Fig. 9 compares 
the filtering-rates for fine-sand beds 3 in. thick under varying 
pressures. 

Mitering-Surfaces. 

Most of the. suction-filters employ No. 10 canvas duck for 
the filtering-surface. The Oliver filter makes use of a No. 12 



SLIME-FlLTRATION. 


765 


and the Merrill filter-press of a No. 6 duck over a light twill. 
In the Butters and the Moore filters three methods of support are 
in common use. The original Butters unit consisted of canvas 
stitched at close intervals over a center sheet of cocoa matting, 
which gives a very porous gathering-space for the solutions and 
also sufficient support to the canvas. The objections to this 
construction are the cost, and the clogging of the matting. 
"With the exception of the Goldfield Consolidated mill, all the 
mills in the Tonopah and Goldfield districts employ the “ slat 
method ” of support, which consists of sewing the canvas walls 
of the cell into narrow pockets from 1.5 to 2 in. wide, and into 
each of these slipping a grooved lath. The arrangement is low 
in first-cost and very satisfactory. The Moore system employs 



Fig. 9. — Filtebing-Eates fob Fine-Sand Beds. 


wooden strips slipped into narrow pockets in the canvas. The 
Moore system also makes use of wire netting between the can- 
vas walls, the canvas being stitched at frequent intervals 
through the netting. In the Oliver filter, wire netting over a 
grooved board and covered with 8-oz. burlap supports the 
canvas. The canvas is held against this base by wire wrapped 
around the canvas at 0.5-in. intervals. In both the Butters and 
the Moore filters wooden dividing-strips are used to space the 
filtering-surface into strips 1 ft. wide. Grooved iron plates are 
used in the filter-presses and in the Merrill press. 

Durability and permeability are the necessary requirements 
of a filtering-cloth. Canvas duck, army weave. No. 10, answers 
both of these requirements for suction-filters. For pressure- 
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filters this canvas is too light, and No. 6 gives sufficient dura- 
bility without interfering with the filtration too much. On ac- 
count of the wire wrapping, the Oliver filter can employ a lighter 
duck (No. 12). The relative permeability of different weights 
of canvas is a difficult matter to determine experimentally. It is 
a function of the weave of the cloth and the character of the 
supporting surface. In general, the lighter the weight of the 
duck the more permeable it is. Duck may be obtained in 
three weaves : army duck, in which the threads of warp and 
woof are twisted; double-fill, in which the warp thread is 
twisted and the woof threads are not twisted; single-fill, in 
which neither the warp nor the woof threads are twisted. Of 




Fig. 10. — Methods of Suppoetixg Filter-Cloth. 


the three weaves the army duck is the least permeable, while 
the other two weaves are too open and porous to be of much 
use in slime-filtration. 

Fig. 10 illustrates several methods of supporting the filtering- 
cloth. In method 1, the fibers of the cloth are distended and 
the cloth made more open at -B, while at A the fibers are flat- 
tened and pressed against one another, with the result of re- 
ducing the permeability of the cloth over the ridges. The 
relative proportion of ridge to groove determines the decrease 
in permeability due to the support. No. 2 shows the wire net- 
ting support, and with this the rounded wires reduce the per- 
meability to a less extent than the flat wooden ridges. In No. 
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3 the narrow wooden strips have less eiffect than the close 
ridges of No, 1, while between the strips the cloth is stretched 
and is more open. With No, 4 the permeability of the cloth 
is not generally affected, for the fibers may press into the soft 
cocoa matting. In No. 5 the diamond-shaped strips give the 
maximum proportion of distended canvas, and leave the fibers 
free from any fiattening due to the pressure. 

Fig. 11 shows the effect upon the filtering-rate of the type 
slime for three filters. Curve L is for No. 12 duck on a 
grooved wooden support similar to No. l,Fig. 10; 41 per cent, 
of the cloth was supported and 69 per cent, unsupported. 
Curve S is for No. 12 duck supported on diamond-shaped 
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Fig. 11 . — Filtering-Bate of Type Slime for Three Types of Filters. 

strips; 21 per cent, of the cloth was supported, 79 per cent, 
unsupported. The dotted curve is the average curve for the 
test-filter. A No. 10 duck was used and the same proportion 
of support given the cloth as for curve L. The heavier-weight 
duck on the grooved support gives a higher filtering-rate than 
the light weight on either the grooved or the more open sup- 
port. The open support gives a higher filtering-rate for the 
thinner slime-cakes and lower rates for the thicker cakes. 
This anomalous result is explained by the fact that the more 
permeable the filter the more active becomes the filtering- 
surface for a given pressure and the more compactly the cake 
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is built up. The general conclusion is that the permeability 
of the filter-cloth is a matter of moderate importance; of 
greater importance with the thin-cake suction-filters than with 
the thick-cake filters. 

No experiments could be made on the comparative durability 
of filter-cloths. From data submitted in Table V. it appears 
that suction-filters, supported with cocoa matting, have the 
longest life. Close stitching is of importance both in main- 
taining an efficient filter and in prolonging the life of the 
filter-cloth. The first Moore filters were constructed with the 
canvas supported at 6-in. intervals, and these filters failed by 
tearing and weakening generally at the points of attachment. 
With stitching at 1-in. intervals the wear at the stitching- 
points is reduced very materially in the Butters filter. With 
the slat-filter narrow slats allow closer stitching, and this is the 
tendency in construction. 

The grooved support results in practically a clear solution 
from the start of filtration whether a No. 10 or a No. 12 duck is 
used. The diamond-strip support and No. 12 canvas gave a 
turbid filtrate for the first minute of filtration. 

The relation between numbered duck and ounce duck is as 
follows : 


Numbered Duck. 

Ounce Duck 29 In, 'Wide 
and 36 In. Long. 

Ounces Per Square Yai 

No, 12 

Ounces, 

8 

10 

No. 10 

12 

14—15 

No. 8 

16 

18—19 

No. 6 

18 

22—23 


Slime- Cakes. 

A. slime-cake is built up of a succession of thin layers of 
slime. Slices taken from the surface, middle, and next the 
canvas showed varying percentages of water, and consequently 
a variation in density from the outer surface to the canvas. 
Fig. 12 represents graphically the results of sectioning dif- 
ferent slime-cakes. B shows the proportion of sand, slime, 
and water for a cake made from the type slime. The cake 
was 0.81 in. thick, and the vacuum used 21 in. The outer 
0.26 in. contained 41.4; the middle, 39.6; and the portion 
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next the canvas, 33.8 per cent, of water. The respective 
specific gravities are 1.675, 1.605, and 1.715. The average 
water-content is 38.1 per cent, and the average specific gravity, 
1.682. F and Q are from two slime-cakes in which the re- 
spective proportions of sand were 37 and 52 per cent. The 
composition of sections of these cakes is given in Table I. 

Table I . — CamposHion of Slime-Cakes. 

Cake F. 


Specific gravity of cake, 

Surface 

1 to 0.76 In, 

1.755 

0.75 

to 0.5 In. 
1.805 

0.5 to 
0.25 In. 

1.822 

Next Canvas 
0.25 to 0.0 In. 

1.835 

Per cent, of water, 

82.7 

29.83 

28.41 

27.9 

Per cent, of sand in dried 
cake, .... 

36.02 

35.23 

37.82 

38,04 

Katio sand to slime, 1 to, . 

1.77 

1.83 

1.64 

1.62 

Average sp. gr., 1,804. 

Average percentage 

of water, 29.71. 

Specific gravity of cake, 

Cake G. 

1.776 

1.814 

1.853 

1.841 

Per cent, of water. 

30.0 

28.4 

26.9 

27.4 

Per cent, of sand in dried 
cake, .... 

51.6 

54.0 

53.7 

50.1 

Eatio sand to slime, 1 to, . 

1.08 

1.10 

1.17 

1.22 

Average sp. gr,, 1.821. 

Average percentage of water, 

28.4. 


Comparing the results in Table I. with those given for the 
type slime, a variation in water-content of from 38.1 to 28.4 
per cent, and in density of from 1.632 to 1.821, is shown for a 
variation in sand of from 6 to 52 per cent. The sand in these 
cakes was determined on the basis of 1-min. settlement. An 
increase in the proportion of fine sand decreases the inter- 
stitial space, but does not decrease the permeability, as the 
curves for filtering-rates show. For purposes of compari- 
son, the proportion of water absorbed by fine sands is shown 
in Fig. 12. Fine sands (quartz) between 80- and lOO-mesh 
contain 26.4, and for sands passing a 200-me8h screen and 
from which all slime was elutriated, 28.1 per cent, of water. 
The volume relationship is also shown for both fine sands 
and slime in Fig. 12. The former shows 47.7 of water and 62.3 
per cent, of solid ; the latter, 60 of water and 40 of solid. 
These figures are of interest in that they show the compara- 
tively large volume-proportion of water in the slime-cakes. 
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The comparative results between sand and slime show that the 
percentage of water is no indication of the permeability of a 
porous material. 

In Fig. 12, shows the results for the Virginia City slime; 
I, for the type slime built up under 21.7-in. vacuum (36.2 
per cent, of moisture and 1.662 sp. gr.) ; J shows the same 



— 80+100 mesh — 200 mesh B F Q H 


Sand Sand Pi opoi tion of Water by Weight 



Water Shme Sand Ijy VolUffiiC 

Fig. 12. — SEOTiosrs or Slime-Cakes. 

slime built up under 11.35-in. vacuum (36.76 per cent, of mois- 
ture and 1.65 sp. gr.) ; K shows the same slime built up under 
17-in. vacuum (35.4 per cent, of moisture and 1.675 sp. gr.); 
L shows the same slime built up under 21.8-in. vacuum (35.12 
per cent, of moisture and 1.683 sp. gr.). 

The data of Fig. 12 serve also to show the effect of pressure 
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upon the specific gravity of the slime-eake. To these may be 
added a slime-cake from the type slime which was built up on 
a slat-supported filter of No. 12 duck, giving with 21.5-in. vac- 
uum a moisture-content of 33.6 per cent, and specific gravity of 
1.71 ; and a cake built up under 30 lb. of air-pressure, giving 
28.1 per cent, of moisture and 1.805 sp. gr. With the excep- 
tion of j5l, there is an increase in the specific gravity with 
an increase of pressure. This increase in the density of the 
cake means a decrease in the permeability, and therefore a 
decrease in filtering-rate. A slime-cake may be likened to a 
number of layers of rubber spheres. Pressures great enough 
to overcome the elasticity of the spheres would have the effect 
of squeezing them into spheroids and reducing the intersti- 
tial space ; still greater pressures would cause the spheroids to 
encroach upon the open spaces until these would be practically 
closed and the interstitial space become zero. The difficulties 
involved in using high pressures upon slime carrying a mini- 
mum proportion of sand are apparent. The effect of the pres- 
ence of sand would be the same as if angular grains were 
mixed with the rubber spheres. Under pressure the angular 
grains would press against one another and prevent any great 
degree of pressure coming upon the spheres. There would be 
a comparatively small decrease in the interstitial space, and 
therefore little or no reduction in permeability. 

An interesting phenomenon was noticed in transferring slime- 
cakes, The lifting of the cake from the pulp was accompanied 
by an immediate shrinkage in the thickness of the cake. The 
reduction in thickness amounted to from 10 to 12 per cent. 
On submerging the cake in the pulp the original thickness 
would be approximately resumed. The effect of the shrinkage 
is to increase the density and decrease the filtering-rate. With 
sand-slime cakes no noticeable shrinkage was observed until 
the cake approximated a thickness of 1 in., and in all cases 
this shrinkage was less than that of the-slime cake. During the 
building up of a slime-cake there is a progressive densification, 
somewhat slow and often irregular, which accounts for the 
erratic results obtained in some cases with the filtering-rate 
experiments. 

The progressive densification of a slime-cake may be shown 
in another way. Subjecting a thick slime-cake to continued 
YOL. Xlill . — 46 
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pressure when immersed in water, and determining the filter- 
ing-rate at several successive time-intervals, gives a slow drop 
in the filtering-rate. 

Increase in temperature has a slight effect in increasing the 
density of the cake, but the experiments on this point were on 
the whole somewhat inconclusive. 

The cracking of a slime-cake takes place under two condi- 
tions : when it is removed from the pulp and allowed to remain 
in the air under full pressure, and when removed from a pulp 
to water at a temperature 40® or 50® 0. higher than the pulp. 
The latter condition is of little practical importance. The 
former is overcome by reducing the vacuum-pressure to just 
sufficient to hold the cake upon the cloth. Too long an expo- 
sure even at this pressure will cause a cake to crack. Under a 
vacuum-pressure of 21 in. a 1-in. cake will break down in from 
2 to 10 min. Sand-slime cakes will stand a longer exposure 
than slime-cakes. The cause of cracking is lateral shrinkage, 
due to the displacement of the water by air and air-drying. 

IfoTE. — My attention was brought to the fact that a slime- 
cake built up from a thick pulp is more apt to crack on expo- 
sure than one from a thin pulp. This can be explained by the 
fact that such a cake densifies more slowly when immersed in 
a viscous or thick pulp, and consequently is more sensitive when 
exposed. 

In building up cakes with vertically-suspended filtering- 
cells there is a tendency for the cake to build up thicker at the 
lower end. This is due to the increase of filtering-pressure 
due to increased hydrostatic head, and also to the thickening 
of the slime-pulp in the lower part of the filter-vat. Agitation 
will prevent, to a large extent, the building up of thick-ended 
cakes. Where the proportion of sand is large and the sand 
grains are coarse, agitation is quite necessary, but should not 
be too vigorous, as otherwise the building up of a cake would 
be seriously interfered with by erosion. With fine sands, finer 
than 200-me8h screen, if a pulp-density of 1.4 or more is main- 
tained, little or no trouble is experienced by the sands settling 
out. Apparently the pulp, in the experiments, remained quite 
homogeneous for intervals of longer than one hour. With a 
greater proportion of water in the pulp moderate agitation is 
necessary in most cases. 



SLIME-FILTRATION. 


773 


Slime-cakes should be built up with vacuum-pressures as 
constant as possible, and should be kept completely submerged 
while the cake is forming. The temperature of the pulp and 
of the wash-water should be the same. Transfers from pulp 
to wash should be made as rapidly as possible and under re- 
duced pressures. Filters in which the transfers are quickly 
made, and with the minimum of exposure of the cake to the 
air, are more efficient and maintain a higher filtering-rate than 
those in which long time-intervals are required for the neces- 
sary transfers. 

Building Up Slime- Cakes. 

Three direct factors control the rate of and the total time re- 
quired for building up the cake : the thickness of the cake, the 
filtering-rate of the slime, and the proportion of water in the pulp. 
Temperature, viscosity of the pulp, intensity of the vacuum 
used, depth of submersion of the cell, agitation, and the physi- 
cal character of the slime, play indirectly a part in the building 
up of the cake. The effect of the indirect factors is summed 
up in the filtering-rate. 

Practical experience has placed certain well-defined limits 
upon the thickness of the slime-cake. For example, the Ridg- 
way filter utilizes a thickness of from 0.125 to 0.375 in.; the 
Oliver, from 0.25 to 0.5; the Butters and Moore, from 0.75 to 
1.75; the Merrill, from 1.75 to 2; the Kelly, from 1 to 3, 
and the Burt revolving-filter, up to 6 in. With vertically-sus- 
pended filters the thick cakes tend to tear apart and drop 
during the transfers. The thickness of the cake also deter- 
mines the time required for washing. Thick cakes require rela- 
tively a much longer time to wash than thin cakes, on account 
of the low filtering-rates, and the capacity of a filtering- 
unit may be very greatly cut down. With slime-cakes the 
lower limits mentioned above are used ; with sand-slime cakes 
the upper limits may be used. 

Other things being equal, the less solution that is required 
to be drawn through a filter in the building up of the cake the 
more quickly the cake will be secured, and consequently it is 
desirable to have the slime-pulp as low in content of water as 
possible. There is a practical limit to the thickening of the 
slime-pulp, and this is established by the settling-power of the 
pulp and the fluidity of the settled pulp. The settled pulp 
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must be handled in pipes and with centrifugal pumps, and 
if it is too thick it becomes impossible to do this. A thick 
pulp is advantageous where much sand is to be held in suspen- 
sion, In I^evada, with quartzose ores, pulp-ratios of from 3 of 
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Fig. 14. — Eatio op Building Up Cakes, No. 10 Canvas. 

solution to 1 of slime down to 1.6 of solution to 1 of slime are 
in use. The average pulp in use is 2 of solution to 1 of slime. 
Fig. 13 shows the relation between percentage of water and 
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specific gravity of slime-pulp and cakes for a slime of specific 
gravity 2.62. Similar curves may be worked out for slimes of 
different specific gravity. 

Fig. 14 shows the rate of building up slime-cakes on ISTo. 10 
canvas. Carves C, JD^ JE are for the type slime; curves J? 
and G are for the type slime with mixtures of sand to the 




amount of 37 and 52 per cent., respectively. Curves B and C 
show a rapid consolidation of the cake at 0.25 in. thickness, and 
then a gradual thickening. Curve D, built up at a lower pres- 
sure, shows a gradual thickening and a somewhat greater rate 
of thickening than B or C, Curve JS shows a greater rate of 
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thickening on account of the greater density of the pulp- The 
•curves for the sand-slime cakes show a gradual thickening. 

Fig. 15 shows the rate of building up slime and sand-slime 
cakes on JSTo. 12 duck under different temperature-conditions. 
Curves Z/, and N are for the type slime, and 0, P, and Q 
for a sand slime containing 62 per cent, of sand. All three slime- 
curves show greater irregularities than the sand slime , and the 
sudden consolidation of the slime-cakes between 0.3 and 0.45 
in. in thickness is characteristic. Increase of temperature in- 
creases the rate of building up to a marked extent. 

The result of using a more permeable filter is illustrated by 
comparing Figs. 14 and 15. The significant curves are shown 
in Fig. 16. Curve L is the type slime built-up on Ho. 12 duck 
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Z 
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Fig. 17.— -Building Up of Cake Under Varying Pressures. 

supported on the grooved board; curve 8 is the type slime 
built up on No. 12 canvas and diamond-strip support. The 
more permeable filters show faster rates for the thin cakes and 
slower for the thick than the less permeable filter with No. 10 
duck. The diamond-strip-supported filter gives a faster rate 
than the grooved board. 

Jig. 17 shows the effect of pressure upon the rate of building 
up. The type slime and No. 10 duck were used in these ex- 
periments. Curve B, the rate-curve for the lowest pressure, is 
quite uniform; curve A is broken, and shows three consoli- 
dations ; curve C shows corresponding but not such prominent 
consolidations. The curves, on the whole, indicate that in- 
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creased pressure, other things being equal, will increase the 
rate of building up. 

Fig. 18 shows the rate of building up a slime-cake from a 
pulp made up from fire-clay. The very slow rate and the four 
pronounced consolidations extending over comparatively long 
time-intervals are of interest 

The rate-curves indicate that as a slime-cake builds up a 
slow consolidation takes place, and superimposed upon this is 
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an irregular and faster rate of consolidation. The irregular 
consolidation is characteristic of very slimy and clayey slimes, 
and becomes less so as the proportion of sand is increased. 
The sand diminishes the elastic nature of the slime-cake. 

Washing, 

A slime-cake retains from 28 to 88 per cent, of solution; the 
former for sand-slime and the latter for slime-cakes. Were it 
not for diflfusion, osmosis, and adsorption, simple displacement 
with a volume of water equal to that retained by the cake would 
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18.— Building Up Clay Slime. 
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be sufficient to remove the dissolved salts of gold, silver, and 
cyanide. As it is, the soluble salts diffuse back into the wash- 
water, and in time this builds up in gold- and silver-values to 
such an extent that an appreciable loss results when, as in the 
Butters filter, the slime-cake is flushed out with the residual 
wash-water. By the use of two separate wash-solutions this 
difficulty can be more or less overcome ; but it has the objec- 
tion that an additional pumping of solution and exposure of the 
slime-cake to the air are necessitated. With the Moore, Oliver, 
and the pressure-filters generally, no great trouble is experienced 
from loss of values in the wash-solution, for in each case only that 
wash-water which is left in the cake after air-displacement takes 
place is discharged, and this amounts to from 20 to 30 per cent. 
In practice it is customary to use barren solution or wash-water 
in amount equal to from one to three times the amount of solu- 
tion retained by the cake. With very low-grade solutions the 
former, and with high-grade solutions the latter, would be used. 
Twice the weight of the solution retained by the cake is usu- 
ally sufficient to displace the values retained by the solution in 
the cake. 

The thoroughness of washing is determined largely by the 
expense. When the value of the gold, silver, and cyanide re- 
covered is less than the cost of recovery, washing stops. 

It seems to me that with the thin-cake filtering-appliances a 
smaller proportion of wash-water would be required than for 
the thick-cake filters, for the reason that the rate of filtration is 
much higher with the former. Strength of solution, time, and 
temperature, are the controlling factors in osmosis; and of 
these, time is perhaps the most important ; for the other two 
would be the same in either case. The shortness of the time 
required for washing and the relatively high filtering-rate in 
the ease of the Oliver filter would give little opportunity for 
osmosis to interfere with the washing. 

Ho washing-experiments were made with suction-filters. A 
few experiments were made with a pressure-filter in washing 
slime-cakes containing cyanide solutions. With pressures vary- 
ing from 20 to 80 lb., and with a 0.2-per cent, cyanide solution, 
a 0.75-in. cake required from 1.3 to 1.4 times the contained 
water to reduce the cyanide-content to 0.02 per cent. 
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ComfltU Cycle of Filtration. 

Given tlie time for making all of the necessary transfers, the 
time for a complete cycle of operations may be approximated 
by using the filtering and building-up rate-curves. Two such 
examples have been worked out in Figs. 19 and 20. The 
former shows the time required for a complete cycle for the 
type slime, mixed with 50 per cent, of sand, both for single 
displacement and double displacement ; while the latter shows 
the time required for the type slime. The 24-hr. capacity per 
100 sq. ft. of filtering-surface may be calculated from the dia- 
gram, and the specific gravity of the cake and the percentage 
of moisture retained. Table II. shows the results of such 
calculations. 



This table is constructed for a Butters filter, and the time for 
all the transfers is taken as 55 min. These data clearly show 
the impracticability of using thin cakes for filters of this type. 
Taking power-costs into account, it is advisable to have as few 
cycles as possible in filters of the Butters type, and this would 
be accomplished by building up thick cakes. 

It should be noted that the capacities calculated are higher 
for the slime-cake than obtain in practice, for the reason that 
a thicker slime-pulp than is ordinarily the custom was used 
and consequently the time for building up was less. 



*780 SLIME-FILTRATION. 

Table II. — Filtration : ChfocUy Per 100 8q. Ft. of Filtering- 
Surface Per 24 Hours. 

Sand-Slimb Cake. 


Weight of cake, pounds (per 

0 251X1 

0 5In 

0 75 In. 

lln, 1.25 In. 

cycle), . . . . 

Weight of dry slime, pounds 

236 

473 

710 

947 1,183 

(per cycle), 

170 

340 

510 

681 

851 

Number of cycles, . 

Dry slime per single displace- 

24 

20.8 

17.5 

14.2 

10.5 

ment, tons, 

Number of cycles double dis- 

2.04 

3.54 

4.46 

4.83 

4. 46 

placement, 

23 6 

18.7 

14 6 

11.4 

7.6 

Dry slime, tons, . . . 2.0 3.2 

Slime-Cake. 

Weight of cake, pounds (per 

3.7 

3.88 

3.2 

cycle), 

221 

442 

663 

885 

1,016 


Weight of dry slime, pounds 

(per cycle), • • - 146 292 438 585 731 

Number of cycles single dis- 
placement, . . . 22.8 15.1 11 8.4 6.7 

Dry slime, tons, . . . 1.6 2.2 2.4 2.46 2.38 

Number of cycles double dis- 
placement, . . . 21.8 14.1 8 7 6.5 5.1 

Dry slime, tons, . . . 1.5 2.04 1.9 1.9 1.8 

By using a different horizontal axis in Pigs. 19 and 20, the 
time required for a complete cycle for other suction-filters may 
be read off and calculations made for capacity. 

Data from Slime-Flants. 

Data were secured from a number of slime-plants in Nevada 
through the courtesy of the different managers. Table m. 
shows the results of a number of physical analyses of slimes 
obtained from these plants. For purposes of comparison the 
type slime, the sand-slime mixture, the clay slime, and the 
filtering-rates are included in the table. The screen-analysis 
was conducted as follows : A 50-g. sample was taken and mixed 
thoroughly in a mortar to a thin pulp and then poured into an 
800-cc. beaker and sufficient water added to make a volume 
of 600 ce., or approximately a ratio of 1 of slime to 12 of water. 
After stirring, beaker No. 1 was allowed to stand 2 min. and 
the contents poured into a beaker of the same size. The sand 
left in the bottom was mixed with 600 cc. of water ; allowed 
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to settle 2 min. ; contents of beaker ‘Ro. 2 were then poured 
into beaker No. 3 and of No. 1 into beaker No. 2 ; after stand- 
ing 2 min. contents of No. 8 were poured into No. 4, of 
No. 2 into No. 3, and of No. 1 into No. 2. No. 1 was filled 
again and all beakers allowed to stand 2 min. Contents of 
No. 4 were poured into a 1.5-1. beaker, of No. 3 into No. 4, 
of No. 2 into No. 3, and of No. 1 into No. 2. No. 1 was left 
and the steps repeated until all four beakers were empty but 
for the sands and the reject in two 1.5-1. beakers. The sands 
were washed into pans and dried and then screen-analyzed 
through 100-, 150- and 200-mesh screens. The portion of 
the pulp in the large beakers was stirred and allowed to settle 
4 min. and poured oflP; the sands constituted the 4-miu. por- 
tion. Stirring and standing 8 min. gave the next to the last 
portion, and the last portion constituted the remainder. The 
sands obtained by this method were clean and free from adher- 
ing grains and were almost all silica. The size of the grains 
in the various portions was approximated by measurement with 
a microscope. 

The type and the clay slimes stand out conspicuously. The 
type slime mixed with 50 per cent, of sand and the mill-slimes 
compare quite closely. Pulp is a concentrate treated by 
agitation and pressure-filtration in a Kelly filter. Practically 
all of the mill-pulp considered as slime passes a 100-mesh 
screen; 88 per cent, is finer than a No. 150 screen and 79 per 
cent, finer than a No. 200 screen. The fine portion which 
takes more than 8 min. to settle gives an average of 27.5 per 
cent, for the mill-pulps. The chemical investigation was not 
completed, but the results of partial analyses are sufficiently in- 
teresting to include. With two exceptions, the type slime and 
mill-slime G, the calculated percentage of aluminum silicate 
corresponds approximately with the portion of the pulp taking 
longer than 8 min. to settle. Microscopical examination of 
the coarser portions show them to consist almost entirely of 
silica. The results on the type slime indicate that consider- 
able silica remains with the last portion of the slime. Slime 
C is from the Goldfield Consolidated mill ; as is well known, 
part of the alumina is present as alunite, and consequently the 
calculation of all of the alumina to aluminum silicate gives a 
result too high. The results of the chemical analyses indicate 
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that by combining physical and chemical methods an approxi- 
mate separation and quantitative determination of crystalline 
and colloidal material may be effected. 

Table IV. gives the data of the slime-plants from ■which the 
mill-slimes in Table III. were taken. 


Table IV. — Details of SUme-Plants. 



A. 

B. 

a 

D. 

E 

F 

(?. 

Type of filter, . . . 

Butters. 

Butters. 

Butters. 

Butters. 

Merrill. 

Kelly 

Butters. 

Number of units, 
Number of leaves per 

2 

2 

2 

2 

3 

1 

1 

unit, 

60 

95 

168 

72 

64 

10 

100 

Number of leaves, . 

120 

190 

336 

100 

192 


100 

Area of leaf, sq. ft., . 

100 

91 

100 

92.6 

41 4 


100 

Total filtering-area, , 

12,000 

17,290 

33,600 

9,262 

7,980 

360 

10,000 

Tons slime per 24 hr., 
Tons slime per 100 sq. 

175 

250 

1,000 

150 

216 

100 

150 

ft. per 24 hr., . . 

Slime-pulp consist- 

1 4 

1.44 

2.97 

1.62 

2.72 

27.7 

1.5 

ency, water : slime, 

8.1 

3:1 

1.51 

2,1 

2:1 

IM 

2.1 

Filter-support, . . 

slats 

slats 

matting 

slats 

plate 

Wire 

netting 

slats 

Thickness of cafee, in , 

1 

0 75-1 

1.25-1.75 

1.25 

1.75 

1.6-2 

1 5 

Moisture in cake, p.c., 

38 

85 

35 

33 


12 

29 

Time forming, hr , 

1 

0 5 

1-1. 3,3 

1 

0.66 

0.03 

2 

Time washing, hr , . 

1 

1.0 

1.41-1,66 

1.25 

0.41 

0.20 

2 

Time transfers, hr , 

0 75 

0 83 

0.59-0.51 

0 5 

3.01 


1.83 

Total time-cycle, hr , 
Filteiing-rate per 100 

2.75 

2.33 

3-3.5 

2.75 

4.08 

0.5-0.75 

5.83 

sq. ft. per min., . 
Filter ing-rate per 

11.6 

26 

8 3 

6 83 

30 



min. for wash, . . 
Tons of solution and 

10 

16,3 






wash per 24 hr., . 

84S 

1,856 

2,000 

850-400 

328 

340 

alb 

484 

Canvas used, oz., 

12 

12 

12 

12 

18 

12 

10 

Life of canvas, monthS; 
Frequency of acid- 

, 8 

6 

41 est. 

18 

12 

0.5-1.6 


wash, days, . . . 
Approximate cost per 

20 

21 

30 

21 

60 

15 

30 

ton slime 

3K).18 

$0.27 

a 

$0,075 

8-12 hrs. 

$0.25 

$0,288 

$0.35 

$0,119 


Conclusions. 

Certain practical conclusions may be drawn from the experi- 
mental work. These have been in part stated, but may not be 
out of place here, together with certain general conclusions 
which are not so directly shown by the experimental work. 
They are: 

1. The proportion of clayey material in ores which are to be 
subjected to “ all-sliming ” and filtration should be maintained 
at a minimum. 

2. The slime-pulp should be as free as possible from sands 
coarser than a Ho. 150 screen, and as large a proportion of the 
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pulp as possible should consist of material passing a 17o, 200 
screen. 

3. The slime-pulp before filtration should be settled to as thick 
a consistency as possible consistent with ready handling by 
pumps and in pipes. 

4. The temperature of the slime-pulp should be maintained 
between 20° and 80° C. or higher. 

6. The temperature of the wash-water and the pulp should 
be the same. 

6. Vacuum-pressures should be varied until the proper in- 
tensity for the given slime is obtained. 

7. Where very clayey slime is to be filtered, as much fine 
sand (limited as stated above) should be crowded into the pulp 
as it will carry without undue settling and clogging. 

8. ]i7o.* 10 canvas supported by slats gives the best all-rouud 
service for the thick cake, and No. 12 canvas on wire netting 
answers the requirements for the thin-cake filtering-machines. 

9. With slimes containing a large proportion of colloid or 
clayey material pressures greater than those obtainable with 
vacuum apparatus are of questionable advantage. 

10. With slimes containing a large proportion of clayey 
material the vacuum-filters should be used. 

11. With slimes containing a small proportion of clayey 
material and much fine sand both vacuum-filters and pressure- 
filters could be used with perhaps equally good results. 

12. With slimes containing much coarse and fine sand the 
chamber-filters with air-agitation and high pressures would 
perhaps give the best results. 

13. Of the vacuum-filters, the thin-cake continuous filters are 
a decided improvement over the thick-cake Alters. 
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The Cyanide-Plant at the Treadwell Mines, Alaska. 

BY W. P. LASS, TREADWELL, ALASKA.* 

(San Francisco Meeting, October, 1911.) 

The purpose of this article is not only to describe the plant 
and method of cyaniding the Treadwell concentrates, but to 
present some of the results of the experimental work obtained 
in the past three years for the Alaska-Treadwell Gold Mining 
Co., at Douglas Island, Alaska, under the direction of F. W. 
Bradley, Consulting Engineer, and Eobert A. Kinzie, General 
Superintendent, of the affiliated companies. 

At the time the experimental work was undertaken the con- 
centrates were being shipped to the smeltery at Tacoma, Wash,, 
and the cost for treatment of 3-oz. (gold) concentrates was $11.96 
per ton, divided as follows: 


Smelting-charges, $4.00 

Loading, freight, insurance, etc., 2.89 

Interest due to time lost in transit and in settlement, . . . 0.05 

Loss due to settlement for 95 per cent of the gold at $20 per ounce, 5,01 

Total, $11.95 


From the experimental work described later, it was estimated 
that 96 per cent, extraction could he made by treatment on the 
ground, and that the cost, when treating 80 tons per day, would 
be $3.25 per ton, divided as follows : 


Labor, ...... 

Per Day. 

. $66.16 

Per Ton. 
$0,827 

Chemicals, ...... 

. 76.60 

0.960 

Power and steam-heat, 

. 67.60 

0.845 

Marketing-, refining- and other charges, 

. 49.36 

0.617 

Totals, .... 

. $269.72 

$3,250 


Adding to this total the 4 per cent, treatment-loss, which on 
3-oz. concentrates amounts to $2.48, gives a total cost of $6.73 
per ton. Comparing this with $11.95, the cost when shipping 
to the smelter, leaves a net gain of $6.22 per ton by the local 


* Cyanide Superintendent of tke Alaska-Treadwell Gold Mining Co. 
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treatment. In addition to this saving, the cyanide-tailings 
would have an economic value due to the sulphur- and iron- 
content, as well as the value of the residual gold after oxi- 
dation. 

I. Labobatoey-’Work. 

1. Character of the Concentrates. — The concentrates, amount- 
ing to 1.8 per cent, of the original ore, contain : Fe, 40; S, 40; 
SiOj, 11 per cent., and carry from 2.6 to 4 oz. of gold and 0.75 
oz. of silver per ton. The gold- and silver-values amount to 
about 37 per cent, of the values contained in the original ore 
from the mine. The figures in Table 1. are assays and aver- 
ages of sizing-tests on concentrates from the various mills. 


Table I. — Assay Sizing- Tests of Treadwell Gold- and Silver- Ores. 


Size of Material. 

Weight. 

Assay-Value 
Per Ton. 

Value. 

Value in 
One Ton of 
Oiiginal. 

On 20-mesh screen 

Per Cent. 
0.44 

$70.35 

Per Cent. 
0.48 

$0.31 

Through 20, on 40 

8.23 

203.96 

26.05 

16.83 

Through 40, on (iO — 

10.96 

143.89 

24.39 

15.76 

Through 60, on 80 

12.49 

94 88 

18.34 

11.85 

Through 80, on lOU 

10.38 

60.85 

9.78 

6,32 

Through 100, on 120 

13.37 

39.27 

8.14 

5.25 

Through 120, on 150 

7.69 

26.61 

3.17 

2.05 

Through 150 

36.46 

17.10 

9.65 

6.23 


100.00 


100.00 

$64.60 


(In this paper, all figures, unless otherwise stated, are based 
on the dry ton of 2,000 lb., with gold at $20.67 per oz. Silver- 
value is not included. Screen-mesh is expressed in openings 
per linear inch.) 

On account of the decrepitation of the pyritic crystals during 
the process of drying, as well as the tendency of the particles 
to adhere to one another, all sizing-tests were made in water 
without previous drying of the sample. Results show that the 
values vary directly with the degree of comminution. It being 
understood that the concentrates are derived from pulp after 
amalgamation at the mills, it seemed evident that the gold was 
present as metallics incased within the pyrite. Work done in 
the laboratory previous to the year 1909 confirmed this view, 
and indicated that a satisfactory extraction could be obtained 
by regrinding, followed by amalgamation and cyanidation. 
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2. Preliminary Tests , — For the preliminary tests ordinary 
quart-size glass jars were used, and agitated by placing them 
on the distributing-boxes of the Frue vanners. In each case 
an excess of lime and a small amount of lead acetate were 
added to the solution. Sizing and assaying of the residues 
showed the gold to have been removed from the finely-ground 
particles, while the large percentage of value remained in the 
coarse particles. 

The next step was with 50-lb. composite samples from all the 
mills. A clean-up barrel was fitted with iron balls and used 
to grind the concentrates to a 200-mesh product, which was 
passed over a 2- by 4-ft. amalgamated copper plate, the pulp 
collected and cyanided in small agitation-vats, built on the plan 
of ‘‘ Brown or ‘‘ Pachuca ” tanks. These were 14 in. in diam- 
eter and 4 ft. high, with a 1.25-in. pipe suspended through the 
center. At the apex of the cone a needle-valve regulated the 
supply of air. 

The 50-lb. samples were treated in these small tanks, the 
results given in Table II. being a fair average from one of 
these tests. 

Table II. — Results Obtained from Treatment of 50-Lb. Composite 
Samples from Treadwell Mills. 


Assay-value of original concentrates, 177.40 

Amalgamation-extraction based upon head- and tail-assays, per 

cent., 74.16 

Proportion of ground product passing 200-mesh screen, percent., 98.00 

Assay-value of cyanide heads, |20. 00 

Assay-value of cyanide tails, $2.40 

Cyanide-extraction based upon head- and tail-assays, per cent., . 88.00 

Cyanide-extraction based upon solution-assays, per cent., . . 90.00 

Total extraction by amalgamation and cyanide, per cent., . . 96.89 

Time of cyanide-treatment, hours, 12 

Strength of cyanide solution (1 lb. per ton), per cent., . . 0.05 

Cyanide-consumption per ton of concentrates, pounds, . . 2.6 

Lime-consumption per ton of concentrates, pounds, . . .14.0 


The tests in Table 11. show that 75 per cent, of the gold 
could be obtained by fine grinding and amalgamating, or 96 
per cent, by fine grinding and amalgamating followed by 
cyaniding. 

VOL. XLU.— 46 
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II, Experimental Plant. 

Having proved, that a satisfactory extraction could be ob- 
tained, the next step was to determine the most economical 
method of handling the material. For this purpose, an addition 
was built to one of the mills, in which was installed an Abbe 4- by 
12-ft. tube-mill, with the necessary plates for amalgamation. The 
tube-mill ground 0.5 ton of concentrates per hour to pass a 200- 
mesh screen, or 1 ton per hour, 95 per cent, of which would 
pass a 200-mesh screen. With a cleaner separation of the 
coarse return-product, the grinding-capacity could have been 
increased. Various forms of classifiers were tried, the Dorr 
“drag” classifier proving the most satisfactory, not only 
making a good separation between the sands and fines, but 
acting as a feeder to the tube-mills. In later practice, with a 
duplex Dorr classifier treating 126 tons daily of concentrates 
discharged from a larger tube-mill, the following results were 
obtained : 



‘ On 100. 

Per Cent. 

Screen Mesh.- 

On 200. 

Per Cent. 

Througli 200. 
Per Cent. 

Feed to classifier, 

10.1 

26.4 

63.5 

Coarse discharge, 

Pine overflow, . 

51.3 

1.1 

44.0 

29.7 

4.7 

69.2 


As ordinarily used, the water is much in excess of the ore, so 
that the fines are carried over by the rising current from the 
rakes ; but in operating the Dorr to its fullest capacity on con- 
centrates, it is necessary to reduce the volume of water used, 
and depend upon the greater specific gravity of the pulp hold- 
ing the fines in suspension until carried over with the fine 
product. 

Callow cones arranged with suspended diaphragms were 
used for de-watering the sands previous to cyaniding. When 
delivering a clear overflow, one standard 8-ft. cone was found 
to have an hourly capacity of 1 ton of concentrates with 15 
tons of lime-water, making a spigot-product with less than 36 
per cent, of moisture. 

Grinding in an alkali solution equivalent to 2 lb. of lime per 
ton kept- the amalgamation-plates in a clean, bright condition, 
and materially aided in the settlement of slimes. Without 
lime the pulp discharged from the tube-mill possessed a latent 
acidity equivalent to 6 lb. of lime per ton of concentrates. 
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which made plate-amalgamation almost impossible on account 
of a black surface-deposit completely coating the plates within 
10 min. after being dressed. 

Sea-water as a substitute for lime-water was tried, and al- 
though it gave better amalgamation-results than fresh water, 
it was not as satisfactory as the lime solution. The plates 
became coated with slime and the solution remained turbid in 
the tanks. 

By fine grinding and amalgamating in 15-ton lots, an ex- 
traction of from 75 to 80 per cent, was obtained, the extraction 
varying directly with the fineness of grinding. On the original 
ore this amounts to an extraction of 84 per cent, by amalga- 
mation. 

To obtain the best results by amalgamation, mercury was 
fed into the tube-mill with the concentrates. After having 
completed the amalgamation-tests, during which time 7,050 
oz. of amalgam was recovered, the mill was emptied of its 
pebbles and the inside thoroughly cleaned, in order to deter- 
mine the amount of mercury or amalgam that remained. Wo 
free mercury and only 3 per cent, of the total amalgam was 
recovered from the tube. 

TJpon again feeding the concentrates to the tube-mill vsdthout 
either cyanide or mercury, a concentration took place inside 
the mill, as shown by the daily sampling of the feed and dis- 
charge of the mill. Table III. 


Table III. — Results Obtained by Treatment of Concentrates in the 

Tube-Mill. 



Original Feed 
from Bins. 

Tube- 

Feed (Includes 
Coarse Return 
Product). 

Pulp as Dis- 
charged from 
Tube-Mill. 

Slime Finer 
than200'Mesh. 

First 6 hr. grinding 

Second 6 hr. grinding 

Third 6 hr. grinding 

$48.00 

48.00 

48.00 

$95.00 

113.00 

131.00 

$88.00 

103.00 

120.00 

$18.00 

16.90 

19.20 


790 CTANIDB-PLANO: AT THE TREADWELL MINES, ALASKA. 


Cyanide was then introduced into the grinding-solution and 
samples assayed as follows : 



Strength of 
Cyanide in 
Grinding- 
Solution 

Original 

Feeafrom 

Bins. 

Tube- 

Feed (Includes 
Coarse Return 
Product). 

Pulp as 
Discharged 
from Tube- 
Mill. 

Slime 
Finer than 
200-Mesli. 

First 6 hr. grinding 

Second 6 hr. grinding.. ... 
Third 6 hr. grinding 

Per Cent. 

0.05 

0.05 

0.046 

$48.00 

48.00 

48.00 

$96 00 
67.00 
68.40 

$80.00 

62 00 
59.20 

$14.60 

11.60 

12.00 


The method of grinding proving successful, the next step 
was to test the cyanide process on a larger scale. For this 
purpose a Brown or Pachuca agitation-tank, 10 ft. in diameter 
and 22 ft. high, with 60° conical bottom, was erected beside 
the tube-mill, together with four small redwood tanks. A 
Merrill precipitation-press was* later purchased and a few filter- 
leaves placed on the suction of the gold-pump for clarifying 
the solutions. This completed the necessary equipment for 
cyaniding the tube-mill product in 16-ton lots. The gold-values 
were removed from the pulp by successive washes and decan- 
tations. 


Table IV . — Results of Zine-Dust Precipitation, Obtained in 
, Experimental Plant. 


Cyanide Per Ton 
of Solution. 

Lime Per Ton 
of Solution 

Gold Before 
Precipitation 

Gold After 
Precipitation, 

Gold Precipitated. 

jPounds. 

0.44 

Pounds. 

0.42 

$13.60 

$12.40 

Per Cent, 

882 

0.80 

0.46 1 

13.00 

IS 00 

0.00 

0.92 

0.95 

6.60 

2.20 

66.67 

1.53 

1.07 

1.20 

0.05 

98.81 

0.40 

1.30 

12.10 

2.50 

79.26 

0.40 

1.30 

4,50 

1.60 

66.25 

1.24 

1.35 

17 00 

010 

99.41 

1.76 

1.35 

14.60 

005 

99.66 

0.80 

1.41 

3.40 

0.20 

93.23 

1.93 

1.47 

7.60 

0.05 

99.34 

1.00 

1.85 

12.80 

0.05 

99,61 

0.98 

1.91 

5 20 

2.80 

46.15 

2 44 

2.18 

4.80 

0.10 

97.92 

2.76 

2.35 

12.60 

0.05 

99.63 
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The figures of zinc-dust precipitation presented in Table 
IV. show the non-precipitation of the values when the lime-con- 
tent of the solutions fell much below 1 lb. per ton. With solu- 
tions high in lime an excess of cyanide was added to keep the 
filter-cloths clear. In each ease an excess of zinc-dust was 
added. 

The flow-sheet, Fig. 1, shows diagrammatically the method 
used for these experiments, with the exception that the filter- 
box shown was later superseded by a Kelly filter-press (type 
1 B) of 50 tons daily capacity, which did away with the nu- 
merous washes and decantations previously required. 

The cycle of operations of the Kelly press and the time of 
working, when forming a 1-in. cake of about 4 tons of con- 
centrates (dry weight), are as follows : 


Operation of the Kelly Press. 


Filling press, 

Time. 

Minutes. 

. 3 

Forming cake, 

. 2 

Beturning excess pulp. 

. 2 

Washing, 

. 12 

Beturning excess wash, . 

. 2 

Drying, 

. 8 

Opening, discharging, and closing, . 

. 15 

Total time of one cycle, . 

. 44 

Moisture in pulp fed to press, 

. 36 per cent. 

Moisture in tailings cake discharged. 

. . 8 to 10 per cent. 

Pressure of forming cake, 

. 30 lb per sq. in. 

Amount of wash-water used per ton of 

concen- 

trates, 

. . 0.5 ton. 


The first 26 test-runs made in the experimental plant are 
summarized in Table V. 



Table V, Mesults of First Twenty-Five Experimental Test-Buns m ^ Q^-Fooi Mill - Concentrates . 
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All aolutions contained an excess of lime. 
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The actual net value of the bullion recovered by amalgama- 
tion was 3.7 per cent, in excess of the theoretical extraction 
figured from head- and tail-assays. The actual value of the 
precipitate recovered was 5 per cent, in excess of the theoreti- 
cal extraction. 



The results of the tests showed that 75 per cent, of the gold 
could be recovered by grinding and amalgamating, or 96 per 
cent, by the combined method of amalgamating and cyaniding. 
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Results also showed that daring the process of grinding in 
1.5-lb. (0.075 per cent.) cyanide solution, a similar extraction 
could be obtained without amalgamation. Thus a satisfactory 
extraction was obtained either by amalgamating and cyaniding 
or by cyaniding direct. 

A preliminary agitation with an alkali solution was found to 
shorten the time of cyanide treatment and save 25 per cent, in 
the cyanide-consumption. 



Passing the air used for agitation through a receiver filled 
with a solution of caustic soda or milk of lime also decreased 
the cyanide-consumption, presumably by the removal of oil and 
carbonic oxides from the air. The pipe-connections illustrat- 
ing the method of adding the alkali solution are shown in 
Pig. 2. 

When grinding in cyanide solution stronger than 1 lb. per 
ton (0.06 per cent), followed by amalgamation, it was difBeult 
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to keep the plates bright, due to a dull white surface-deposit, 
which if allowed to remain turned to a dull gray. A Muntz- 
metal plate was substituted for a copper plate, but as all the 
plates were silver coated no variation in the result was noted. 

The results obtained from this extended period of investiga- 
tion, lasting over two years and at a cost of |27,794, justified 
the building of a plant of 100 tons daily capacity. This cost 
was largely offset by the ability of the final plant to treat the 
concentrates without the usual alterations necessary in starting 
a new mill. It also formed the nucleus of the final mill-crew. 

As the abandonment of amalgamation of high free-gold 
values in favor of direct cyaniding seemed a somewhat radical 
change, the new mill was planned for operating either way, and 
ultimately nearly 5,000 tons were treated by each method 
before deciding to cast out the time-honored amalgam-plate. 
All of the equipment purchased for the experimental work was 
used in the permanent plant, which was completed in Septem- 
ber, 1910. 

III. The 100-Ton Cyanide-Plant. 

The cyanide-plant consists of three main buildings located on 
a hill-side 200 ft. above the stamp-mills. The upper building 
contains the grinding-and-amalgamating plant, with a lower 
floor for solution-storage tanks. The lower contains the cya- 
nide equipment proper, while the refinery is in a concrete 
building at one side, as shown in Fig. 3, 

The five mills on the island contain a total of 900 stamps, 
and crush approximately 5,000 tons daily. The crushed ore 
after amalgamation is concentrated on 860 Prue vanners, yield- 
ing an average of 90 tons of concentrates daily, of from 2.5 to 
4 oz. of gold per ton. 

From the vanner-boxes the concentrates are shoveled into 
specially-constructed flat-bottomed steel cars. These cars, each 
’ holding 2 tons of concentrates, are made up into trains at the 
mills, and brought by locomotives to the foot of the incline 
below the cyanide-plant. This incline is 900 ft. long with 14® 
rise. A Union Iron Works geared hoist, driven by a 75-h-p, 
electric motor, brings the train to a switch above the upper 
building. Beginning with this switch, the entire plant is in 
duplicate throughout. A flow-sheet of the operations is shown 
in Fig. 4. 
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i 

1 

1 



A 

6 , 



1. 75-H-P. Electric Hoist. 

2. Osgood Track-Scales 

3. Car-Tipples. 

4. Ore-Bins. 

6. Dorr Classifiers. 

6. Abbfe Tube-Mills. 

7. Classifiers. 

8. Launder Distributors. 

9. Amalgam- Plates for coarse pulp. 

10. Air-Lifts. 

11. Dorr Classifier. 

12. Abbe Tube-Mill 

13. Air-Lift. 

14. Tank. 

15. Callow Tanks. 

16. Launder Distributors. 

17. Amalgam -Plates for fine pulp. 

18. Distributor. 

19. Callow Tanks. 

20. Callow Tanks. 

21. Pierce Amalgamators. 

22. Preliminary Agitation-Tanks. 

23. Aldrich Electric Triplex Pump. 

24. Pachuca Agitation-Tanks. 

25. Byron Jackson 4-in. Cent. Pumps. 

26. Pulp-Tank. 

27. Wash-Water Tank. 

28. Air-Lifts. 

29. Kelly Filter-Presses. 

30. Distributor. 

31. Clarifying Tank. 

32. Gold-Sumps. 

33. Wash-Water Sumps. 

34. Aldrich Electric Triplex Pump. 

35. Merrill Zinc-Feeder. 

36. Aldrich Electric Triplex Pump. 

37. Merrill Gold-Precipitation Presses. 

38. Acid-Tanks. 

39. Drying-Furnace for Precipitate. 

40. Faber du P'aur Furnaces. 

41. Amalgam-Barrel 

42. Amalgam-Press. 

43. Storage - Tanks for barren solu- 

tion. 

44. Air-Lift. 

45. Air-Lift. 


-Bullion to mint, 
-Slag to smelter. 
..Amalgam. 
-Solution returned 
to Fachoca tanks. 
-.Tailings to dam. 


Fig. 4.— -Flow-Sheet of 100-Tok Cyanide-Plant. 
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Leaving the switch by gravity, the cars are weighed, sam- 
pled, and run into revolving tipples. TJpon releasing the brake 
the tipple revolves, turning the car bottom up and dropping 
the load from the car. The change in the center of gravity 
then causes the tipple to right itself, and the empty car is 
weighed and returned to the main switch. 

Most of the water is removed from the concentrates while in 
the vanner-boxes by the aid of a bumper, which is simply a 
large air-piston machine mounted on a truck and moved from 
box to box. This bumping causes the concentrates to readjust 
themselves and pack in the bottom of the box, while the water 
is run off, leaving about 12 per cent, of moisture in the concen- 
trates. It is considerably easier to shovel the concentrates into 
the cars after the bumping. 

The concentrates are sampled while in the car by means of 
a long ship-auger. With the ordinary long spoon it was im- 
possible to obtain satisfactory checks in the samples, as the 
concentrates are usually covered with water. Unslaked lime 
is added to each of the empty cars as it leaves the tipple in 
order to reach the concentrates at the earliest possible stage. 
It also forms a line of cleavage, causing the concentrates to 
dump clean from the bottom. 

From the cars the concentrates fall into 100-ton steel storage- 
bins, 16 ft. in diameter, with 65° conical bottoms. The con- 
centrates in the bins are kept covered with water, which 
effectually prevents oxidation of the “ sulphurets ” while lying 
in the bins. From this point until the cyanide treatment 
begins the concentrate is in strong lime solution at all times. 

At the apex of the conical bottom of each bin tight-fitting 
gates control the outflow of concentrates, which is at once 
sluiced directly into Dorr classifiers. Fig. 5. The sluicing 
medium is the coarse return-product referred to later. There 
are three Dorr classifiers driven by one 7.5-h-p. electric motor, 
one feeding into each tube-mill and making 24 strokes per 
minute. This rate of speed, causing greater agitation, was 
found necessary to separate the large bulk of the fine from the 
coarse. 

The coarse product of the classifiers falls into the spiral 
feeders of the tube-mills. These mills are of the Abb6 type, 5 
by 22 ft., lap-welded, trunnion bearings, with corrugated sec- 
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tional liners; 3-in. Danish flint pebbles are used for the 
grinding. 

Two 75-h-p. motors on three-phase circuit at 2,200 volts are 
belted to an overhead central line-shaft, which in turn is belted 
to the pinion-shaft of the tube-mills. The tubes are driven 
from the discharge ends and make 27 rev. per min. The mills 
are controlled by friction-clutch pulleys on the central line- 
shaft. 

For the period from May 16 to July 15, 1911, one tube-mill 
ground at the rate of 88.75 tons of concentrates per 24 hr. ac- 
tual running-time, the power-consumption averaging 64 h-p. 
By replacing each 75-h-p. motor with a 100-h-p. motor, and 
substituting leather for canvas belts on the main drive, the 
power-consumption was reduced to an average of 69 h-p. for 
the same tube-duty. This was with the tube just half filled 
with pebbles, the normal running-load. By increasing the 
pebble-load to 6 in. above the center of the tube, the power- 
consumption rises to 75 h-p., and both the quantity of tube- 
feed and the fineness of the product discharged are increased. 

The following is an average screen-analysis of the feed and 
discharge of one 5- by 22-ft. mill, when grinding an original 
feed of 88.75 tons per 24 hours: 

On 100-Mesh. On 200-Mesh 
Per Cent. Per Cent. 

Feed, .... 48.7 41.5 

Discharge, . . .10,1 26.4 

The pulp contained 38.5 per cent, of moisture. 

When the concentrates are amalgamated previous to cyanid- 
ing, the product discharged from the tubes is distributed over 
10 copper amalgamating-plates, each 4 ft. 8 in. wide by 10 ft. 
long, plated with 2 oz. of silver per square foot. 

The pulp flows from the plates into launders built into 
the floor. No traps are used, as they are quickly clogged by 
the metallic iron which accumulates in the concentrates from 
the wear of the various machines used in the processes of 
mining and milling. 

This iron, if allowed to accumulate in the coarse return- 
product, will amount to as much as 15 per cent, of the total. 
Experiments are now being carried on with a magnetic device 
for removing the iron from the pulp. 


. Through 200-Mesh. 
Per Cent 

9.8 

63.5 
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From a sump in the launder an air-lift elevates the pulp to 
a spitzlutte, from which the coarse material is continuously 
drawn into a Dorr classifier, the coarse from which feeds a 4- 
by 12-ft. Abbe tube-mill, similar to the larger ones described 
above. The discharge from this mill joins the overflow from 
the spitzlutte^ and is elevated* by air-lifts to two settling-cones, 
so situated that the spigot-discharge from them becomes the 
sluicing medium for the original feed referred to above. 

Two points will be observed here : (1) that the Dorr classi- 
fiers are at present doing all the classifying for the mill ; and 
(2) that the concentrates are carried around in a closed circuit 
from which there is no escape until the particles have become 
fine enough to join the overflow from the back of the Dorr clas- 
sifiers. 

The Dorr overflow, which is the product cyanided, is more 
than 98 per cent, through 200-mesh. The remaining 2 per 
cent, is silica from the wear of the pebbles. Of the concen- 
trates, the entire product will pass a 200-mesh screen. 

The overflow of the Dorrs passes into two Callow de-water- 
ing-cones, the spigot-product of which is distributed over 10 
amalgamating-plates similar to the coarse amalgamating-plates 
previously described. From the plates the pulp flows into 
launders, thence into a 6-in. pipe, 87 ft. long, having a fall of 
0.75 in. per foot, which conveys the pulp directly to the lower 
or cyanide building. 

In the lower building the pulp is received into a wooden 
distributing-box, from which it flows through two Pierce amal- 
gamators into four 8-ft. Callow cones. The spigot-product 
from these cones discharges into four similar ones placed lower 
than the first set. 

The spigot-product from the lower cones enters one of four 
Pachuca tanks, where it receives a preliminary treatment of 3 
hr. agitation in a solution containing 2 lb. of lime per ton (0.1 
per cent.), after which it is allowed to settle and the clear solu- 
tion is decanted. The filling, agitating, settling, decanting, and 
discharging of a 25-ton charge of concentrates, which includes 
46 tons of lime solution, requires somewhat less than 24 hr. 
This preliminary treatment saves in the subsequent treatment 
at least 1 lb. of cyanide per ton of concentrates. 

The overflow lime-water from the Callow cones enters the 
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same sump with the decanted lime-water from the preliminary 
treatment, and is pumped by an Aldrich, triplex 7- by 9-in. 
electric pump into a reservoir of 75 tons capacity situated in 
the upper building. The thickened pulp, ranging from 1.8 to 
2.2 specific gravity, is drawn into one of eight Pachuca tanks, 
where it is given the cyanide treatment. 

All Pachuca tanks in the mill are 10 ft. in diameter and 30 
ft. high, with 60° conical bottoms. Fig. 6. When filled to the 
level found best for agitating (which is 6 in. below the top of 
the central column), each tank holds a volume equivalent to 
51 tons of water. This is equal to the regular charge of 3 0 tons 
of concentrates with 40 tons of solution, although as high as 
40 tons of concentrates have been treated as one charge with- 
out any difierence in extraction-results. 

The floors under the Pachueas, as well as all other floors in 
the building, are of smooth concrete sloping to a central sump, 
supplied with small pumps to return any escaped solution or 
pump to the proper tanks. 

The first cyanide treatment consists of 8 hr. agitation in a 
2-lb. (0.1 per cent.) cyanide solution; either potassium or the 
mixed cyanides being successfully used. Alkali is kept at 
1.25 lb. (0.063 per cent.) of lime (CaO) per ton of solution. 
Lime is added during the treatment if the titrations show below 
that figure; 18 hr. is allowed for settlement and decantation of 
this solution. 

Decantation takes place through a flexible hose, which is 
made as follows : Canvas coated with tar is wrapped around 
pieces of old boiler-tubing 3 in. in diameter and 4 in. long, 
spaced 0.75 in. apart. The canvas between the short lengths 
of tubing is wrapped with wire, making the diameter of these 
spaces slightly smaller than that of the tubing, thus insuring 
flexibility as well as avoiding the shifting of* the tubing. At- 
tached horizontally to the top of the flexible hose is a 3-in. 
slotted pipe. In operation this slotted intake floats by the 
aid of two adjustable air-cylinders. The arrangement of these 
cylinders is such as to allow of the vertical adjustment of the 
intake-pipe to any depth of submergence desired. 

The long settlement allowed, with the excessively fine condi- 
tion of the concentrates, their high specific gravity, from 4.6 to- 
5.0, and the high alkalinity of the solution, leaves a 30-ton 
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Fig. 3. — Cyanide-Flant of Alaska-Theadwell Gold Mining Co. 
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Fici. 5 . — Conical Concentrates- Bin Emptying- into Dorr Classifier, 

WHICH IN TURN FeEDS INTO SpIEAL OP TuPE-MiLL. 
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Fig. 7. — Kei,IjY Fieter-Pbesses. 
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Fig. S. — Treadwell Sluicing Clarifving-Filter in Operation. 
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Fig. 9.— Eefinery-Boom of Alaska-Treadweli: Gold Mining Co. 
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Fig. 11 . — CuPELLATroN-FiTii.NACE IN Use at Aeaska-Tkeadwell, Show- 
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packed mass in the bottom of the Paehuca. This is brought 
into thorough agitation within 16 min. by a device designated 
as the “ spider,” which is an adjustable hollow annular casting 
with radiating fingers, the whole encircling the central agitation- 

column. _ .j • 

When the charge is to be put into agitation the spider is 
lowered by a small hand-windlass until it rests on top of the set- 
tled charge. Air is then turned through the fingers, and at the 
same time the solution for the next treatment is run into the 
tank. The device rapidly bores its way to the bottom of the 
Pachuea, leaving a boiling, churning pulp above, and clearing 
the way to the bottom opening of the central 10-in. agitating- 
column. As soon as this is opened and air has been admitted 
to the inner-pipe the spider is raised from the tank and full 
agitation of the charge proceeds. 

The second cyanide treatment of the charge is with solution 
drawn from the barren-solution storage-tanks or the wash-solu- 
tion storage, the cyanide strength being 1.5 lb. (0.075 per cent.) 
per ton of solution. After 2 hr. of agitation the air is shut off 
and almost immediately decantation is started. This decanted 
solution is pumped directly on to an incoming fresh charge, 
being strengthened in cyanide as it enters the tank, and becom- 
ing the first cyanide solution for the new charge. 

This cycle in handling solution — ^barren to wash-solution, 
then to second •cyanide treatment at 0.076 percent of cyanide, 
then to first treatment at 0.1 per cent of cyanide, thence to pre- 
cipitation and back to barren — ogives at each step just the con- 
ditions best suited for that step, and is very satisfactory in 
practical operation. 

The settled pulp after the second decantation has a specific 
gravity of 1.8, and is readily agitated by means of the spider, 
and then discharged into the pulp-storage tank by a Byron 
Jackson 4-in. centrifugal pump, from which it is drawn to the 
Kelly filter-press. This thick pulp holds in suspension the 
sands which would settle through a lighter medium. 

The storage-tank is conical bottomed, 15 ft. in diameter, and 
situated at such an elevation that a static pressure of 30 lb. per 
sq. in. is exerted at the filter-presses. The pulp in the tank is 
kept in constant circulation by an air-lift, drawing from the 
conical bottom and carrying the pulp down close under the 
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lilter-presses and back up again over the top of the tank. The 
pulp as pumped from the Pachuca tanks enters the bottom of 
this same line, and the whole is thus kept in suspension and 
circulation past the presses, into which it is intermittently drawn 
for filter-treatment. Fig. 7 shows the Kelly filter-presses in- 
stalled to work under a gravity head as described. 

Above the pulp-storage tank is placed a similar tank for the 
storage of -wash-water, from which a hydrostatic pressure of 
25 lb. per sq. in. is obtained at the presses. This solution is 
kept in circulation, using the same method as applied to the 
pulp. The higher gravity of the pulp in the lower tank results 
in a greater pressure at the presses than that obtained from the 
wash solution, although the latter carries a higher head. 

Filtering is done in two type 1 B Kelly presses. By opening 
valves in the circulation-lines directly under each press it is 
filled with either pulp or wash-solution as desired. The excess 
pulp or wash-solution from the press-cylinder is returned into 
its proper line by displacing with compressed air admitted into 
the cylinder. The amount of wash given depends upon the 
comminution of the concentrates, the usual pulp being washed 
with 0.5 ton of solution per ton of concentrates. The cake 
formed during decantation of the first-treatment solution, being 
very fine slime and more impervious to wash-solution than the 
regular pulp, is given 1 ton of wash per ton of concentrates. 

When filling the press, the contained air is allowed to escape 
through an overhead pipe attached to the highest point of the 
press-cylinder. The change in sound of the exhaust indicates 
to the pressman when the press is full. After drying the cake 
with compressed air until it contains not more than 10 per 
cent, of moisture, the press is opened and the cakes shaken ofif 
with wooden paddles, and then sluiced with water to the tail- 
ings-dam. 

A distributor below the press-launder sends the gold-solution 
to two gold-sumps and the wash-solution to the two wash-solu- 
tion storage-tanks. These four tanks, as well as a clarifying- 
tank which is in the same group, are built of 3-in. redwood, 
15 ft. in diameter by 16 ft. deep, and each holds 75 tons of 
solution. 

The wash-solution is pumped to a Pachuca tank as needed, 
becoming a second-treatment solution. From the gold-tank 
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the solution is drawn into the clarifjing-tank, in which are 
suspended vertically six canvas filter-leaves, all connected to the 
suction of a triplex 7- by 9-iu. Aldrich electric pump, used exclu- 
sively for pumping gold-solution through the precipitation- 
presses. A traveling-belt, driven by ratchet-gears and a pair 
of eccentrics connected to the pump-drive, feeds zinc-dust into 
a cone. Here the dust is emulsified with a small stream of 
gold-solution tapped from the discharge-column of the same 
pump, and is then drawn into the suction-line. An automatic 
float in the cone prevents the introduction of air into the pump- 
suction. 

The pump raises the solution with the zinc-dust to the upper 
part of the building and forces it through two 36-in. trian- 
gular, 16-frame Merrill presses. Fig. 8. An average of 145 
tons of solution is precipitated daily, with a consumption of 

lb. of zinc-dust per ton of solution, equivalent to 0.86 lb. 
of zinc-dust per ton of concentrates. The average strength of 
solution before precipitation is 1.25 lb. (0.0625 per cent.) of 
cyanide; 1 lb. (0.05 per cent.) of lime, and $9.50 (9.2 dwt.) 
gold. The barren or precipitated solutions are kept at 10 
cents (2.3 grains), or less, gold per ton, and are used for wash- 
solution or returned to the Pachuca tanks, as desired. 

The Merrill presses are opened when filled or when the 
pressure exceeds 25 lb. per sq. in. Forcing the solution 
through at higher pressures caused a mechanical loss of pre- 
cipitate through the canvas. The precipitate is dropped from 
the press-frames into steel pans and lowered by an electric ele- 
vator to the floor below, and thence conveyed by trucks 
through a concrete passage into the refining-room. 

IV. Cyanidino without Amalgamation. 

On account of the work required to look after and collect the 
amalgam, as well as the greater danger of amalgam-loss from 
the pipe-lines, launders, etc., the plates were removed after the 
first three months’ run, and the whole product is now' being 
cyanided directly without amalgamation. 

In order to handle the larger amount of solution made neces- 
sary when grinding in cyanide solution, two 1,800-ton steel 
tanks have been erected, one above and one below the plant. 
All the precipitated or barren solution flows by gravity from 
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the precipitation-presses to the lower tank. This solution, 
having an average value of |0.08 in gold, 1.14 lb. of cyanide, 
and 1.70 lb. of lime per ton, is pumped to the second of these 
tanks, which is situated 25 ft. above the mill-bins, and acts 
as the mill-reservoir. 

Thus at no time is there any cyanide solution run to waste, 
the solution discharged as moisture in the tailings, plus that 
absorbed or evaporated in the mill, compensating for that re- 
ceived as moisture in the concentrates delivered to the bins. 

All the solution used in grinding and classifying is drawn 
directly from the mill-reservoir. The overflow of fine pulp 
from the back of the Dorr classifier flows at once to the Callow 
tanks in the lower building, the spigot-product of which empties 
into one of the 12 Pachuca tanks for treatment. 

The specific gravity of the pulp as it enters the Pachucas is 
1.5, or a ratio of 1 of concentrates to 1.18 of solution. The 
charge is agitated for 8 hr., the necessary cyanide and lime 
being added to bring the cyanide-content of the solution to 
1.5 lb. (0.075 per cent.) and the lime-content to 2 lb. (0.1 per 
cent.) per ton. After agitation and settlement, the clear solu- 
tion is decanted to the. gold-tank through the clarifying-press 
described later, and a fresh charge of barren solution, the 
same as that used in the grinding, is drawn from the mill- 
reservoir, brought to the same strength as the previous treat- 
ment, and the charge agitated for 4 hr. This is then settled 
and the solution is decanted. Both solutions decanted from 
the agitators, together with the overflow from the Callow set- 
tling-tanks previously mentioned, are drawn by gravity through 
the clarifying-press before emptying into the gold-tanks. 

The settled pulp in the bottom of the Pachuca tanks, having 
a specific gravity of 2, is then agitated by means of the 
spider and pumped to the pulp-storage tank, from which it is 
drawn to the Kelly presses for filter-treatment. 

This method of operation, depending upon the one barren 
solution for all purposes, keeps the gold-content of the solution 
to the lowest possible value, which, although contrary to the 
usual practice, is the object sought in this mill. 

The solution overflowing from the Callow settling-tanks 
{containing gold, $10; cyanide, 1 lb.; and lime, 2 lb. per ton) 
flows by gravity through a special clarifying-press built in the 
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Treadwell sliops, the same as receives the decanted solution. 
This press is of the ordinary plate-and-frame type, yet with a 
series of ports or channels so arranged as to allow of discharg- 
ing or sluicing-out a cake without the necessity of opening 
the press. This sluicing-ont press consists of 20 square frames, 
each 8 in. thick, with the corresponding plates 1 in. thick. 
The upper and two side-channels extending through the press 
have small holes opening into the frame side of the leaf. 
The upper small channel allows the introduction of compressed 
air behind the leaves. The lower triangular channel connects 
with a 6-in. sluicing-out pipe. The press, with connections, is 
shown in Fig. 9, with one of the plates standing to the left. 

To discharge a cake, water is introduced at the back end of 
the press through the large triangular opening on the bottom, 
and flows through the underside to the discharge end, where 
it empties into the launder leading to the tailings-dam. With 
this passage-way clear, compressed air is introduced through 
the port-holes on the plate side of the leaf. The plate corru- 
gations being depressed 0.5 in. leaves a concave surface, in 
which the cake forms. The air now being introduced behind 
the leaves, by a series of separate knocks or bumps causes the 
cakes to drop off into the sluicing-out channel, where they are 
carried away by the stream of water. 

For the final washing of the leaves, water is introduced 
through the three upper channels, and, passing through the 
tapered holes, is sprayed on the two filter-cloths, which bag 
together by reason of the compressed air introduced from the 
plate side. 

The method of feeding the zinc-dust has been changed some- 
what from that originally installed. The reasons for these 
changes were to create a more even feed of zinc, to do away 
with the air previously used in the emulsion-cone, and not only 
to break up any lumps, but to brighten the zinc and grind it 
even finer. To do this, the drive from the zinc-belt was taken 
from the Aldrich pump to a small counter-shaft, which was, in 
turn, belted to a worm-gear for the drive of the zinc-belt, the 
belt discharging its zinc directly into a small tube-mill 6 ft. 
long, made from 10-in. pipe, the cast-iron caps of which were 
turned to run in rollers. This tube is filled vrtth rods of east 
zinc 2 in. in diameter. These rods not only grind the zinc to> 
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a more uniform product, but may themselves aid precipitation 
to a slight extent. 

Considerable annoyance is occasioned by the clogging of 
the cloths in the Merrill gold-presses and by the accumu- 
lation of precipitate in the entire line from the zinc-feeder 
and pump to the presses. Filter-cloths of several kinds — 
heavy duck at 31 cents per yard, various grades of drilling at 
from 9 to 15 cents, and muslin sheeting at 7 cents — have been 
tried. The lightest and cheapest muslin is now in use, with 
results no worse than obtained with the more expensive grades. 

From the moment of contact of the zinc-dust with the gold- 
solution trouble is caused by the slimes or precipitate incrust- 
ing everything touched. The interior of the pipes gradually 
becomes smaller in area, even though the solution is driven 
through at a constantly increasing velocity. After three 
months’ use a 6-in. pipe of 28 sq. in. area was so filled with 
caked precipitate that only a triangular opening of 4 sq. in. 
remained. From 80 ft. of this pipe, $25,898 was recovered. 

Being desirous of operating the Merrill presses more or less 
intermittently without the necessity of each time closing the 
cocks to retain the solution, which if allowed to drain not only 
oxidizes the zinc, but causes the precipitate when the pressure 
is removed to settle in a mass at the bottom of the press-frames, 
consequently not allowing the greatest amount of solution to 
pass through the unoxidized zinc, the discharge-cocks were re- 
moved from the plates, and open pipes discharging into a 
launder on top of the presses were substituted, as shown in 
Fig. 8. 

The result of the several changes is a more uniformly low 
tail solution, with the consumption of less zinc, while the gold- 
value of the precipitate has been raised from $15 to $25 per 
pound ; hence a corresponding lowering of refining-charges. 

V. The Eeeinery. 

The refinery adjoining the mill is 30 by 76 ft. in area; con- 
structed of reinforced concrete with steel-truss roof covered 
with corrugated iron, shown in Fig. 10. The precipitate enter- 
ing the refinery is crushed through 0.5-in. screen, made up into 
lots of from 1,000 to 1,200 lb., weighed, sampled, and charged 
into one of two redwood tanks, 8 ft. in diameter and 9 ft. deep, 
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with a conical bottom and lined with sheet-lead. The tanks are 
built on the plan of a Pachuca tank, with a central column of 
wood fitted with lead pipes carrying steam and compressed air 
for heating and agitating the solutions. 

In these tanks the precipitate is treated with acid to dissolve 
out the zinc, lime, etc. About 1 lb. of 66° sulphuric acid is 
required per pound of precipitate, and is added in the follow- 
ing manner: About 2 tons of water is introduced into the tank,, 
steam turned on, and the water brought to the boiling-point. 
Air is turned on in the central air-lift, and the acid-valve 
opened. The acid flows in by gravity, while the precipitate is 
shoveled in at the rate of 2 lb. of precipitate to each pound of 
acid. When all the precipitate and from 50 to 60 per cent, of 
the acid have been added, the acid-valve is closed and the 
charge agitated until the acid is entirely neutralized, which 
generally occurs within 30 min. The tank is then filled with 
water, and the charge allowed to settle for about 2 hr., after 
which the clear solution is siphoned ofi into a filter-tank. The 
latter is 8 ft. in diameter and 4 ft. deep, having a false bottom 
of 1-in. strips, placed 12 in. from the bottom of the tank and 
1.5 in. apart. The strips are covered with heavy iron screen, 
1-in. mesh, on which is a bed of burlap 1 in. thick, one thick- 
ness of mill blanket, one thickness of light canvas, and a bed 
1 in. thick of quartz sand screened between 20- and 80-mesh. 
The sand is divided into sections of 8 by 10 in. by a light 
wooden frame, covered by a single thickness of drilling, the 
latter forming the working-surface of the filter. The solutions 
filter freely through this medium, the clear filtrate being run 
into one of three storage-tanks, where it is held until a sample 
has been assayed, and then run to waste through a series of 
zinc-boxes. All solutions and wash-waters from the refinery 
are disposed of in this way. 

After decanting the first acid, the precipitate in the tank is 
given two washes of boiling water. Just enough water to en- 
able the charge to be agitated is then added, and the remainder 
of the acid run in rapidly. This gives a solution containing 
from 15 to 18 per cent, of acid, agitation being continued until 
the acidity ceases to decrease, which usually leaves about 1 per 
cent, of free acid. The tank is then filled with water, settled 
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and decanted as before. This solution, containing from 50 to 
75 lb. of free acid, is at present run to waste. 

The charge now receives three or four washes of boiling 
water followed by washes at about 30° 0. temperature, until the 
wash-water gives no reaction for sulphates with barium chlo- 
ride, which is generally after 15 washes. After decanting the 
last wash, the charge is sluiced through a valve in the bottom 
of the tank on to the filter, which has been thinly covered with 
silica sand to aid filtration, where the excess water is removed 
by means of a vacuum-pump. The slimes are removed to a 
large wrought-iron pan, placed upon a 4- by 8-ft. steam-table, 
inclosed by a sheet-iron hood. When nearly dry but still 
damp enough to prevent dusting, the slimes are rubbed 
through a 0.5-in. screen, weighed and sampled, the weight of the 
acid-treated product being from 25 to 33 per cent, of that of the 
original precipitate. Each lot of precipitate is analyzed before 
and after the acid treatment, which enables a close calculation 
to be made of the amounts of fluxes required for the monthly 
melting. 

The percentages of the principal substances contained in an 
average analysis of the precipitate before and after acid 
treatment are : 







Before. 

After. 






Per Cent. 

Per Cent, 

Au . 


, 



. 5.08 

17.34 

Zn . 





. 42.93 

5.15 

Pb . 





. 8.08 

20.09 

Oil . 





. 6.19 

14.28 

Cao . 





. 10.51 

1.89 

Fe . 





. 1,10 

0.52 

S . 





. 1.41 

7.62 

Insoluble, , 



- 


. 3 48 

22.85 


The high percentage of insoluble after treatment is due to the 
silica added to the lot just before filtering. 

At the end of the month the various lots of acid-treated pre- 
cipitate are united and the various fluxes added. The melting 
is done in a specially-constructed oil-burning furnace (Fig. 11). 
For melting purposes the furnace is fired with a reducing 
flame. The crucible or hearth used for the melting is 4 by 3.5 
ft,, lined with either magnesite brick or fire-clay, according to 
the fluxes used. This hearth is placed on a steel car and run 



816 CTANIDE-PLANT AT THE TREADAVELL MINES, ALASKA. 


under tlie furnace. Jack-screws, operated by hand-wheels at 
the four corners of the car, allow of raising the hearth to form, 
the furnace-bottom. 

Trom the fire-box at one end of the furnace the heat is 
drawn across the top of the charge, being reflected downward 
by the arch roof and the down-draft to a dust-condensing 
chamber. The furnace is charged with precipitate hourly, the 
slag and lead-bullion being tapped off intermittently from oppo- 
site sides of the hearth. The month’s clean-up, amounting to 
1,450 lb. of acid-treated precipitate, or a total charge, including 
fiuxes, of 2,600 lb., is melted on this hearth in 36 hr., and re- 
quires the attention of but one man per shift. 


A typical mixture of fluxes is : 

POUllftS 

Acid-treated precipitate, 

. 100 

Borax glass 

. 22 

Sodium carbonate, . 

• 25 

Old slag, 

. 80 

Iron-turnings, 

• 15 

Powdered graphite (old retorts), .... 

3 


Such a charge will produce about 35 lb. of metal, from 10 to 
15 lb. of matte, and from 160 to 180 lb. of slag. 

From 150 to 300 lb. of high-grade copper-matte are produced 
each month. This matte is roasted and allowed to accumulate 
until there is sufficient to make up a charge, when it is mixed 
with litharge, fluxed, and melted to produce lead-bullion, Avhich 
is the work-lead used for the removal of copper in cupellation. 

After melting either precipitate or matte, the slag is tapped 
into conical pots holding about 200 lb., with a tap 4 in. from 
the bottom, through which the molten core is drawn off’. The 
shells, containing most of the metallic values, are dumped, 
crushed, and used in fluxing a later charge. The cores, consti- 
tuting 75 per cent, of the total slag, are sampled, sacked, and 
stored for shipment to the smeltery. 

The cupellation is done on a limestone test the same size as 
the melting-hearth, it being run under the furnace on the car 
previously described. For cupellation the furnace is fired 
with an oxidizing flame, while free air is introduced over the 
test by means of a connection from a compressed-air main 
through a needle-valve discharging into the open end of a 
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4-iu. pipe. This produces low-pressure air, which is intro- 
duced into the furnace on the opposite side from which the 
molten litharge is tapped otE 

The fine bullion resulting from this cupellation is drawn oft' 
and remelted in Faber du Faur tilting-furnaces into bars of 
1,000 oz. each. The average fineness of the cupelled gold is 
880. 

The retorts of the Faber du Faur furnaces are supported on 
two 1.5-in. iron pipes built into the furnace, through which cold 
water is kept circulating. These pipes have proved very 
satisfactory. 

VI. Costs. 

In conclusion, the cyanide-plant has now been in operation 
one year, using the machines and equipment originally in- 
stalled, with the exception of the abandoned amalgamation- 
plates, the substitution of larger tube-mill motors, and the addi- 
tion of the “ Treadwell ” clarifyiug-press, with results summar- 
ized in Table VI. 

For the last month, ending Aug. 15, and not included in 
cost-sheet, 2,010 tons were treated, at a cost of $2.8764 per ton, 
and an estimated extraction of 97.025 per cent., as compared 
with the experimental estimates of $3.25 per ton and 96 per 
cent, extraction. 
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The Parral-Tank System of Slime-Agitation. 

BY BERNARD MACDONALD, GUANAJUATO, MEXICO. 

(San Francisco Meeting, October, 1911 ) 

Introductioti, 

Of the treatment of the slime-pulp of gold- and silver-ores- 
by cyanidation, agitation is an essential part. When prepared 
for treatment, this pulp, consisting of ore reduced to such fine-^ 
ness that approximately 80 per cent, of it will pass through a 
200-mesh screen, is mixed with a certain proportion of water,, 
carrying in solution the quantity of cyanide (KCJS’) and other 
chemicals required. 

The water-constituent of the pulp thus prepared usually 
ranges from 1 to 2 parts by weight to 1 of the dry ore. Thus 
constituted, the pulp is charged into treatment-tanks, the shape 
and capacity of which vary, according to the quantity of pulp 
to be treated daily and the method of agitation to be em- 
ployed. Tanks have no other function in a cyanide-plant than 
that of being economical and convenient containers or recep- 
tacles for holding the pulp, solution, or water used in the 
operations. 

It is by agitation that the solids in the pulp charged into the 
tanks are kept in suspension in, and mixed with, the solution 
in the proper proportions required for the treatment. If the 
proper mixture of solution to solids be determined to be 2 to 1 
by weight (which is, approximately, 5 to 1 by volume), this- 
proportion should be maintained in every part of the charge ; 
that is, each solid particle of the pulp, whether it be of 180- or 
400-mesh size, should be surrounded by five times its own 
volume of solution throughout the whole period of treatment* 
The reason is, that the amount of chemicals ascertained to be 
necessary for dissolving the gold and silver contained in the 
solids, is held in uniform solution in the water-constituent of 
the pulp, and, therefore, the determined proportions of solu- 
tion and solids must be maintained at all times during treat- 
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merit. If the pulp should be allowed to thicken at the bottom 
of the tank so that it would contain, by volume, say, only 4 
parts of the solution to 1 part of solids, it is plain that there 
would be present in this part of the tank-charge only four-fifths 
of the chemicals necessary for the treatment of the solids, 
while the one-fifth lacking would be present in another part of 
the tank-charge where it was not required. This principle, the 
importance of which is not always appreciated in the oper- 
ation of a cyanide-plant, is the main ground for the necessity 
of agitation. But, besides maintaining the proper proportional 
mixture of solution and solids in the tank-charge, agitation is 
designed to give the required “ aeration ’’ to the pulp during 
treatment. 

Means of Effecting Agitation, 

In the cyanide-plants built before 1907, agitation was efiected 
in tanks 10 to 12 ft. deep, and ranging in diameter up to 30 ft., 
by mechanically revolving stirring-arms, assisted by centrifugal 
pumps drawing the settled pulp from the bottom of the tank 
and throwing it back on the top of the charge in the same 
tank. This method was fairly efficient, but expensive in both 
the construction and the operation of the plant; and it was 
superseded by pneumatic or air-lift agitation, which proved to 
be at least equally efficient, and much more economical. 

The method of air-lift agitation which came into general use 
in cyanide-plants is known as the Pachuca-tank system. ,The 
superior economy of air-lift agitation and the energy of the 
patentees of this system soon brought this method into popu- 
larity, and most of the recently constructed cyanide-plants have 
adopted it. 

Analysis of the Pachuca Tank and Its Operations, 

Fig. 1 is a sketch of the Pachuca tank and its pipe-equip- 
ment. Beside it is shown a Parral tank of equal holding-capa- 
city, Fig. 2. The Pachuca tank is a tall cylinder with a coni- 
cal bottom. In the center of the tank is fixed the air-lift 
tube, which, commencing about 18 in. from the apex of the 
bottom,^ extends to within a few inches of the top of the tank. 
The diameter of this tube is proportioned to the diameter of 
the tank as 1 to 12 approximately. 
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In Fig. 1, AA are the sides of the tank; jB£ is the air-lift 
tube ; CC, the pipe which delivers the compressed air into the 
bottom of the air-lift tube ; D, the foot-rest which holds the 
compressed-air pipe in the center of the air-lift tube; JE£i, an 
auxiliary compressed-air pipe used for delivering compressed 
air at the bottom of the tank, to keep the pulp in agitation 
while the charge is being received ; FIF, a system of pipes ex- 
tending radially from a hollow “ bustle ” or distributor attached 



Fig. 1. — Pachuoa Tank. Fig. 2. — Parral Tank. 

Figs. 1 and 2.— Pachuoa and Pabral Tanks op Approximately E^ual 
Holding-Capacity. 


to the air-lift tube, to which is connected a feed-pipe leading 
from the air-main at the top of the, tank, through which feed- 
pipe compressed air or solution under pressure may be turned 
into the bottom of the tank, to assist in agitating the pulp 
while the tank is being charged, or, in case of packing, to re- 
store the pulp to a fluid consistency so it can be moved through 
the air-lift tube. 
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The compressed-air, high-pressure solution, and pulp-charg- 
iug mains for the pipe-connections are shown at the top ot the 
tank. It should be noted that the end of the compressed-air 
pipe, CC, is capped, and, for a length of about 7 in. next to the 
cap, is perforated by a number of small holes through w hich 
the compressed air escapes into the air-lift tube. To prevent 
the pulp from entering these holes and choking the pipe, when 
the compressed air is shut off, a tight-fitting rubber stocking 
or tube is drawn over the holes and clamped to the pipe above 
them. WTien the air is on, this stocking expands and the 
air flows underneath it and escapes at its lower end, which 
is left open. When the air is shut oft, the stocking closes 
over the perforations and prevents the pulp from entering 
them. 

In operation, when the tank is receiving its charge from the 
pulp-charging main, compressed air is turned on through pipe 
EE to keep the pulp in agitation and prevent it from settling in 
and around the bottom of the air-lift tube. 

In case the compressed air fails during the charging of the 
tank, and the pulp packs so hard around the bottom of the air- 
lift tube and the rubber stocking as to prevent the operation 
of the air-lift when the compressed air comes on, air, or solu- 
tion, or both, may be turned into the auxiliary pipes EE and FF, 
to bring back the packed pulp to fluid consistency ; and, in 
ease this fails, the tank is provided with a man-hole, shown 
in the figure, which may be opened, and the packed pulp 
excavated. 

When the tank has received its full charge of pulp, com- 
pressed air is turned on in pipe CG, which starts the operation 
•of the air-lift tube, and the auxiliary air-agitation pipes are 
then closed offl By the operation of the air-lift tube, the thick 
pulp at the bottom of the tank is drawn into and carried up 
-through it, and discharged at the top, where it falls back on 
the tank-charge and mingles vith the thin pulp there. 

The transfer of the pulp from the bottom to the top of the 
tank continues throughout the treatment^period, and preserves 
the proper proportional mixture of solution and solids. By 
these means and in this manner, the agitation of slime-pulp is 
•effected by the Pachuca-tank system. 
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Defects of the System. 

That this system was a great improvement over any other 
previously employed, there is no question ; but that it has a 
number of commercial defects, is also true. 

All these defects result from the design of the tank, and the 
apparatus with which it is equipped, the tank-dimensions being 
at variance with all the principles governing the object (other 
than as stand-pipes) for which tanks are employed. The great 
height and small diameter make the holding-capacity com- 
paratively small, and consequently its cost of construction per 
unit of holding-capacity, high. The height of the tank and 
the large diameter of the air-lift tube necessitate a correspond- 
ingly high pressure and a large volume of compressed air to 
effect the transfer of the pulp ; and this adds to the cost of agi- 
tation. 

The pulp transferred through the air-lift tube overflows on 
the top of the charge, close around the tube, in which relative 
position the solid particles settle vertically to the bottom, where 
the steeply-sloping sides of the cone bottom carry them to the 
intake of the lift-tube, which throws them back again on the 
top of the charge. Under normal conditions of operation, the 
air-lift tube turns over the entire charge in a Pachuca tank of 
standard size in about 15 min. The violence of this opei'a- 
tion would not be necessary to keep the pulp in proper mix- 
ture ; but on account of the tall, narrow tank and the conical 
bottom, it is necessary, in order to keep the air-lift tube and 
the air-nozzle from being choked. 

The air-nozzle within the lift-tube is a crude mechanical 
device, expensive to operate and expensive to maintain. 

Before the proofs for these assertions are submitted, the prin- 
ciples of air-lift pumping should be reviewed. Those who have 
never had occasion to investigate the phenomena of air-lift 
pumping will find the subject fully dealt with in the experi- 
ments and conclusions of Dr. Pohle, who obtained a patent 
from the United States for the use of compressed air in 
pumping. 

From Dr. Pohle’s experiments and those made by myself, 
my understanding is that pumping by compressed air is ef- 
fected in the manner described below, with due reference to 
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the conditions of the air-lifting or transfer of pulp in a tank 
for the purpose of effecting agitation. At the starting of 
agitation, after the tank has received its charge, the pulp- 
level is the same within and without the air-lift tube, which 
extends, say, 3 or 4 in. above the pulp-level. If the pulp 
has the consistency of 2 to 1 of solution and solids, the 
pulp-pressure on the bottom of the tank will be 0.54 Id. 
for each foot in height of tank-charge. The air-pressure 
for the agitation of such a charge should be 10 per cent, 
greater, or, say, 0.60 lb. for each foot in height of the charge. 
When the compressed air at this pressure is turned on in the 
air- pipe terminating near the bottom of the lift-tube, it flows 
into the pulp there, which has a pressure of only 0.54 lb. per 
foot of height. The compressed air, on entering the pulp^ in 
the lift-pipe, assumes the form of bubbles; and these, rising 
through the pulp, immediately unite to make a large flattened 
bubble which, extending to the sides of the pipe, takes the 
form of a disk or piston, in which form it rises to the surface, 
pushing the pulp before it. Kivalry now begins betw^een the 
pulp and compressed air for the privilege of filling the space 
vacated by the ascending air-disk. The pulp, endeavoring to 
restore the hydrostatic equilibrium between the contents of the 
air-lift tube and those of the tank outside, and aided by its 
greater volume (due to the disparity of size between the com- 
pressed-air and air-lift tubes), rushes past the air-nozzle, hold- 
ing back for a moment the issue of air. But, immediately, the 
air, on account of its higher pressure, again succeeds in enter- 
ing the lift-tube in sufficient quantity to form another air-disk, 
with the same result as before. Thus by frequent jets of com- 
pressed air, alternating with rushes of pulp into the bottom of 
the air-lift tube, the lifting-operation is eftected. The modus 
operandi of the air-lift, as above briefly described, is disputed 
by some, who hold that the inflow of air is continuous, and that 
the lifting eftect is produced by the formation of a large 
number of bubbles in the pulp in the lift-tube, which makes 
it lighter, and, consequently, subject to displacement by the 
heavier pulp in the tank outside, rushing in at the bottom of 
the tube, and causing the discharge of the lighter pulp at the 
top, 

A little study will show that this apparently logical reason- 
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ing cannot account for the operation of the air-lift, for indi- 
vidual bubbles rising through the liquid in the air-lift tube 
could have no more efiect in lessening the hydrostatic pressure 
at its intake than would so many corks rising through it. On 
the contrary, it will readily be seen that, were the corks to 
unite and form disks or pistons filling the pipe, these disks 
would, on rising through the lift-pipe, carry the intervening 
pulp upward with them. 

It is not improbable, however, that in certain kinds of liquids 
having great viscosity, the inflow of compressed air would be 
imprisoned as numerous small individual bubbles, and would 
in this way form an emulsion of the liquid within the tube, 
which emulsion, being lighter than the pulp outside, would be 
lifted or shoved upward by the heavier pulp coming in to dis-. 
place it. But this condition would not be probable in the case 
•of an ore-slime. 

The principal defect of the air-nozzle of the Pachuca tank 
is the amount of ineffective work that must be done by the 
■compressed air in making its numerous jet-like escapes into 
the air-lift tube. The superficial area of the exterior of the 
rubber stocking, that must open and close for each jet of air 
•escaping, is 36 sq. in. at least; and on each inch of this area 
there is a continuous pressure of 0.54 lb. per foot in height of 
the tank-charge. As filled in operating, there are 43 ft. of 
pulp in the tank, making an external pressure of 23.22 lb. per 
square inch, or a total of 836 lb. on the movable part of the 
stocking; and this weight must be lifted by each jet of air 
admitted to the air-lift tube. In view of the great frequency of 
the air-jets, the enormous amount of useless work which tbiA 
form of valve necessitates will be apparent. Moreover, the 
numerous alternate openings and closings of the rubber stock- 
ing soon destroy its elasticity and wear it out. The difficulties 
attending agitation in Pachuca tanks are described by Hunt- 
ington Adams, in a paper read at the Wilkes-barre meeting of 
the Institute, and need not be repeated here.* 

It should also be understood that the efficiency of air-pump- 
ing is affected by dimensions of apparatus, etc., differently from 
that of mechanical pumping. For instance, a mechanical pump 
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designed for a 6-in. discharge-pipe will pump as easily the same 
quantity through a 16-in. discharge. But in the case of air- 
lift pumping, the volume and pressure of compressed air that 
would be suflSlcient to pump violently through a 6-in. discharge- 
pipe will have no lifting-efi'ect whatever through a 16-iu. pipe j 
for the compressed air would rise in a stream of separate bub- 
bles through the liquid in the lift-pipe, and would not be of 
sufficient volume to form solid air-disks reaching from wall to 
wall of that pipe ; hence the liquid column would be unbroken 
and would itself be in hydrostatic balance with that outside the 
lift-tube, and no displacement would result. This points to 
the economy of using the smallest air-lift tube consistent with 
the volume of liquid to be pumped. 

The Panal-Tmk System of Slime-Agitaiion. 

In this system, designed and developed by me, for which 
United States and Mexican patents have been obtained, the de- 
fects in the Paohuca-tank system above referred to have been 
eliminated, and corresponding advantages secured. 

A complete tank-equipment of this system, consisting of 
five tanks, and capable of treating 500 tons daily, has been 
installed at the milling-plant of the Veta Colorado M. & 8, Co., 
at Parral, Mexico. Besides the Parral tanks there are two 
standard Pachuea tanks, one of which is used as a treatment- 
tank, and the other for holding the wash-water for the filter- 
press plant. 

The Parral tanks, 25 ft. in diameter and 42 ft. high, are 
equipped with the special piping and the apparatus peculiar to 
this system, while one Pachuca tank is equipped with the 
piping and apparatus of that system. The treatment-tanks 
(?. «., the one Pachuca and five Parral tanks) have been piped 
for the individual and continuous systems of treatment, and 
each of these systems has been tried out, separately, a com- 
plete record of the results being carefully kept, l^o advantage 
in the extraction of values has been shown by either of these 
systems over the other; but the continuous system is more 
economically operated by reason of its great simplicity and 
“ fool-proofness.” 

Pig. 3 shows the battery of treatment-tanks. On the extreme' 
right is the Pachuca tank, on top of which sits the deck-house 
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Fig. 3.— Sgime-Tbeatment Plant of the Veta Colorado M. & S. Co,, Parral, Mexico. 



Flo. 4 .— View of TREATMp:KT>TANKi5 of Vfta Colorado M. & S. Co., Showing Pulp-Disciiabge from Transfer-Pipes, 



Fig. 8. — Commencement of Poep-Transfer in Pabral Tank. 
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[■Q,. 6, — Ph AKTOM- Vie w OF Parr A ii Tank, Pig. 7. — Top-View op Parrax. 
Showing Alternate Disks of Com- Tank, Showing Rotary Mo- 
pressed Air and Pulp Ascending the tion Set Up by Discharges 
Transfer-Pipe and Rotary Travel of from the Transfer-Pipes. 

P ULP-P A RTI CLE. 



Bottom of. Tank.' 


Fig. 9. — Compressed-Air Noz- Fig. 10. — Section Through Teansfer- 
ZLE IN Transfer-Pipe of a Pipe in Parral Tank. 
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used for the titration of samples, while in the same row to the 
left are the five Parral tanks. Along the front of the tanks 
near their top are seen the piping for the continuous-treatment 
system, and the sampling-platform. In the center and lower 
left corner are shown the “ excess ” tanks and the battery of 
Kelly filter-presses appurtenant to the plant. 

The object of the Parral-tank system of agitation is the same 
as that already described in reference to the Pachuca tank, but 
the tank-design and the mechanical equipment used are en- 
tirely difierent from those of the Pachuca system.. 

The Parral tank is flat-bottomed, 25 ft. in diameter and 42 
ft. high, with a capacity three times as great as that of the stand- 
ard Pachuca tank. For transferring pulp from the bottom to 
the top of the tank, four 12-in. transfer-pipes are set 12 in. 
from the bottom, 4 ft. from the tank-side and equi-distant from 
each other. The compressed air is admitted into these pipes 
through a patent nozzle fitted with a ball-valve, which auto- 
matically opens and closes, intermittently, as required in the 
jet-feeding of the compressed air. I refer to these as transfer- 
pipes, this being more accurately expressive than lift-pipes, for, 
practically speaking, the pulp is not lifted, but transferred from 
the bottom to the top of the charge. 

In ease the compressed air should fail, and in the momentary 
intervals between the jet-issues, the air-nozzle is securely and 
automatically sealed by the ball falling back on its seat, and 
the entrance of pulp to the air-pipes is prevented. 

On the delivery- or top-ends of* the transfer-pipes, tees of 
equal diameter are bolted, with the run in line with the pipes, 
and the outlets so directed as to discharge the pulp in line of 
segment-chords to the circumference of the tank. The dis- 
charge of all the transfer-pipes is in the same direction, and 
the force of the discharge sets up a spiral or rotary flow in the 
tank-charge which, in a short time, extends down to the bot- 
tom of the tank. 

Figs. 4 to 7 show the pulp discharging from the transfer- 
pipes, and the undulations of the rotary flow set up in the tank- 
charge. The delivery-ends of three of the four transfer-pipes 
are shown in Fig. 4, but the rotary flow is perhaps more clearly 
seen in Fig. 5. When Parral tanks are receiving their charge 
for individual-charge treatment, an auxiliary air-pipe is ex- 
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tended down alongside each, transfer-pipe to a point near the 
bottom of the tank, and the compressed air issuing from these 
pipes keeps the pulp in agitation and prevents its settling on 
the bottom. In the continuous system this pipe is never used. 

When the tank is filled to within 10 or 12 ft. of the top, the 
air is closed off the auxiliary pipes and turned on in the trans- 
fer-pipes. Fig. 8 shows a workman making this change and 
the transfer of the pulp (lift at this time) commencing. This 
figure shows also the method of making the transfer-pipes tast 
to the side of the tank, which is very secure and simple. 

The spiral flow set up in the tank, as shown in Figs. 6 and 
7, carries the pulp-particles round and round, so that the dis- 
tance traveled by the pulp from the time it is delivered at the 
top until it reaches the bottom is many times greater than if it 
settled vertically, as in the Pachuca tank. In other w'ords, the 
solids are carried in suspension by the rotary flow of the solu- 
tion as they would be carried in a flowing river; the settlemeirt 
of the heavier particles is thus retarded ; and, consequently, 
the necessity for transferring the pulp from the bottom of the 
tank to the top is proportionately lessened, and the cost of the 
work is comparatively reduced. 

In the Parral-tank system no special diameter of tank nee<l 
be adhered to as in the Pachuca system. The relation of the 
diameter to the height of the tank may be whatever is economi- 
cal in holding-capacity, which should be the main considera- 
tion in determining tank-diameters. 

To secure, under this system, perfect agitation and the neces- 
sary rotary flow in tanks of the largest diameter, it would only 
be necessary to install a proper number of transfer-pipes, with 
discharge-outlets placed in the right direction to sot up and 
maintain the rotary flow. A. Parral tank (see Fig. 2), of the 
same holding-capacity as a standard Pachuca tank, would be 
16 ft. in height by 26 ft. in diameter, and would be equipped 
with four 8-in. transfer-pipes; while the necessary pressure 
of compressed air would be only 8.5 lb. per square inch. The 
comparative cost of construction and operation of these two 
types of tanks is easily estimated. 
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Table I . — Comparison of Corresponding Items in Standard Parral 
and Pachuca Tanks. 


Points of Comparison. 

Dimensions or Number. 
Pachuca. Parral 

Height in feet, 

46 

15 

Diameter in feet, 

15 

25 

Horizontal area in square feet, .... 

175.7 

490.8 

Effective holding height in feet, .... 

39 

14 

Holding-capacity in cubic feet, .... 

6,891.3 

7,671.2 

Holding capacity in metric tons of solids : 
Pulp-ratio : Solution 2, solids 1, . . . 

83.3 

92.8 

Solution 1.5, solids 1, . 

125.3 

139.4 

Solution 1, solids 1, . . . 

139.5 

155.3 

Weight of steel plate and all construction-mate- 
rial in pounds, 

33,000 

14,650 

Weight of steel per ton of 2 : 1 pulp, in pounds, . 

400 

157 

Air-pressure required for agitation, in pounds. 

SO to 50 

8 to 10 


The compressed-air nozzle with its ball-valve, which was de- 
signed and patented for the Parral-tank system of agitation, 
may be used in any air-lift, and makes for the highest possible 
efficiency of compressed air used as a lifting agency. Figs. 9 
and 10 illustrate the construction and operation of this valve. 
An examination of the ball-operation will show that the pressure 
on it, due to the hydrostatic head of the pulp-charge, is bal- 
anced, except for the area of the ball that rests on the seat. 
The^ seat-area of the valve, which is 2 in. in diameter, equal to 
a horizontal area of 3.1416 sq. in., would leave an unbalanced 
weight of 73 lb. on the ball, if it were to replace the rubber 
stocking in the Pachuca tank — or 763 lb. in favor of the ball- 
valve. 

As the air-nozzle is called upon to open and close several 
times each second in permitting the jet-discharge of com- 
pressed air into the transfer-pipe, the aggregate of the useless 
work which the rubber stocking imposes on the compressed 
air, and the comparative advantage which the ball-valve pos- 
sesses over it, will be easily estimated. My reason for saying 
that the probable frequency of the air-jet discharge will amount 
to several per second, is, that the sounds of the seatings of the 
ball- valves, as heard by one going underneath the tank, seem 
almost as frequent as the blows of an air-hammer. 

So far, I am not able to fix any period as the useful life of 
the Parral valve ; for these valves have been in operation since 
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the starting up of the plant, Feb. 6, 1911, and, at a recent date, 
had shown no signs of wear. 

For comparison between the two valves on this point, it may 
be noted that the Panilla mill contains 12 standard Pachuca 
tanks, 10 of which were equipped with the rubber-stocking 
valve of that system, and 2 with the nozzle and ball-valve of 
the Parral-tank system. These tanks began operation on the 
first of January of this year ; and the rubber stockings soon 
wore out and were replaced by Parral valves, while the Parral 
valves originally installed showed, when recently examined, 
no signs of wear and are apparently as good as ever. In this 
plant and in that of the Yeta Colorado M. & S. Co., the Parral 
valves never gave any trouble in starting up, even after the air 
had been closed ofit’for three hours at a time; while, under the 
same conditions, the valves of the Pachuca tanks were only 
started after a great amount of trouble. 

Although the transfer-pipes in the Parral tanks are 12 in. in 
diameter, I believe 6-in. pipes would produce sufficient rotary 
fiow in the tank-charge to give the required agitation. In the 
operation of the tanks installed, when the transfer of the pulp 
is started and a strong rotary motion (about 10 ft. per second) 
communicated to the tank-charge, the air-valve is turned down 
until the flow of pulp from the transfer-pipes is reduced to one- 
third of their normal capacity, and so continued to the end of 
the treatment. By repeated tests, it has been shown that the 
extraction of values was as good with one-third the normal 
capacity of the transfer-pipes as when they were being operated 
at full capacity. From these tests it has been deduced that, so 
long as the spiral flow in the tank is maintained at a speed suf- 
ficient to retard materially the vertical settlement of the solids, 
so as to keep them suspended in proper proportion in the solu- 
tion, the extraction of gold and silver proceeds just as xapidly 
as when the pulp is violently agitated. 

I have no exact data from which to form an estimate of the 
comparative amount of air consumed per ton of pulp treated in 
the two systems, for the air has never been metered; but engi- 
neers who operated the valves on the air-pipes of both tanks, 
experimentally, with a view to estimating the flow of air by the 
proportional valve-openings, have reached the conclusion that 
it does not require more air to operate the four 12-in. transfer- 
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pipes of the Parral tanks than the one 16-in. transfer-pipe of 
the Pachnca tank; and I venture my personal opinion that 
when a meter-test of the air-flow is made, this conclusion will 
be confirmed. 

The comparative dimensions of the Parral tanks, as installed 
at the mill of the Veta Colorado M. & S. Co., and of the stan- 
dard Pachuca tanks, with the individual equipment of each, are 
given in Table II, It may be repeated in this connection that 
15 ft. is the largest diameter that can be given to the Pachuca 
tank, while the diameter of the Parral tank may be made as 
great and the height as low as desirable. 

Table II. — Comparative Dmensions of the Parral and Pachuca 
Tanks and Their Respective Equipment^ as Installed at the 
Mill of the Veta Colorado 3L ^ S, Co. 

Dimensions or Number, 


Points of Comparison. 

Pachuca. 

Parral. 

Height in feet, 

45 

42 

Diameter in feet, 

15 

25 

Area of bottom of tanks in sq. ft., . 

176.7 

490.8 

Holding-capacity for each foot in height, cu. ft., 

176.7 

490.8 

Number of air-lift or transfer-pipes, 

1 

4 

Diameter of each air-lift pipe in inches, . 

16 

12 

Total cross-sectional area of air-lift pipes, sq. in. 

201 

452 

Diameter of each compressed-air pipe in lift- 



pipes in inches, 

1.5 

2 

Total cross-sectional areas of air-pipes in lift- 



tubes in sq. in., 

1.7671 

3.1416 

Proportional area of tank-bottom for each sq. 



in. of cross-section of air-lift tubes, sq. ft , 

0.8 

1.8 

Area of tank-bottom for each sq. in. of com- 



pressed-air pipe, sq. ft., . . . . 

100 

156 


This table shows, especially if studied in connection with 
Table I., that, taking unit against unit in tank-construction 
and equipment, the Parral tank is the more economical. 

Extraction of Values. 

An unexpected result became manifest in plotting the time- 
extraction curves, Pig. 11, from the assay-records of the samples 
taken, during the treatment-operations, from the Parral and Pa^ 
chuca tanks -when operating on the individual-charge method. 
The curves show parallel results obtained from the two tanks 
treating similar pulp under three different conditions. 
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Conclusion, 

This paper is presented as the announcement of a new and 
improved system of slime-pulp agitation, for the consideration 
and criticism of metallurgical engineers connected with or in- 
terested ill cyanidation. I have given much thought and study 
to the working out of the design and the development of its 
mechanical details, and have had the pleasure of seeing my 
labors rewarded by complete success, 

I wish to extend my thanks to William Thompson and 
Frank Reichmann, the superintendent and engineer of the 
milling-operations, respectively, who compiled the details of 
the operations and made the drawings submitted with this 
paper. 


Present Conditions in the California Oil-Fields. 

BY MARK L. REQUA, SAN FRANCISCO, CAL. 

(San Francisco Meeting, October, 1911 ) 

During the past two years California has developed a new 
and important oil-field: I refer to Midway. This field pro- 
duced the famous Lake View gusher, ■which is credited with a 
total prbduction in excess of 8,000,000 barrels. Fortunately 
for the oil industry of the State, this well is now a thing of the 
past, and nothing save a great crater-like opening marks its 
location. The pipe is entirely worn away and gone ; and it is 
a matter of serious doubt if there can be anything done that 
will cause the well to produce again. Fortunately, also, there 
have been no other wells in that field or elsewhere throughout 
the State that in any way compared with the Lake View. 
Midway is noted for large wells, of from 500 to 2,000 barrels 
production; but the decline is rapid, and a few months serve 
to bring the output down to a few hundred barrels. 

In the oil-territory heretofore blocked out as proved and 
probable, there have been, during the year, many changes. 
Some areas which were expected to be fairly productive have 
apparently failed; others, more strictly “wild-cat,” have come 
in; while in some of the older fields there are properties which 
are beginning to show evident signs of exhaustion. The total 
area of proved territory will therefore probably suffer but small 
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increase, when balances are struck off. The increase of new 
area has come from extensions of the Midway field, the de- 
velopment of a field in Lost Hills and Belridge, and exten- 
sions of the Fullerton-Whittier field in southern California, 
In these later developments, down to date, the fresh area abso- 
lutely proved is not much in excess of 3,000 acres. Kecent 
developments in Ooalinga indicate the possible extension of 
that field to the south, but at great depth. Ooalinga is still 
the most northerly field of any consequence in the State. The 
Kettleman Hills have hitherto brought in nothing, although a 
depth exceeding 3,500 ft. has been reached. Much of the terri- 
tory proved within the year is extremely deep and expensive 
to develop and operate. 

This, however, is not true as regards a narrow strip in the 
Lost Hills and the proved tract in the Belridge fields, located 
respectively 26 and 12 miles HW. and N. of McKittrick. In 
these fields it is claimed that at depths varying from 600 to 
1,200 ft., 200- to 500-barrel wells are the rule, producing oil 
of 23° gravity and higher. So far as can be foreseen at the 
moment, this territory is the most disturbing factor in the 
State, as regards the future price of oil. It is yet too early to 
predict with accuracy the possibilities of these two fields, and 
especially of the Belridge territory, but that there is' oil un- 
derlying the locality at comparatively shallow depths, admits 
of no question. Thickness of sand, saturation, area proved, 
and sundry other factors necessary to be determined before 
any estimate can be made, are as yet not obtainable. 

Geologically, the ideas as advanced by the TJ. S. Geological 
Survey * must be altered, at least as regards the areas through 
the Lost Hills, and in the immediate vicinity thereof. 

In the above-cited reports it is declared that the Vaqueros 
(Lower Miocene) sands become less saturated as they pass 
southward, and, although their depth below the surface may 
be calculated in the Kettleman Hills, it is impossible to deter- 
mine their depth in the Lost Hills with any degree of accuracy. 
The inference is that the oil will be here found in the Vaqueros 
(Lower Miocene) sands, as at Ooalinga, rather than in the Mc- 
Kittrick (Upper Miocene) beds, as in the productive fields of 

1 SuUetin No. 357, U. S. Geological Survey, pp. 120 to 124 (1908) ; and No. 406, 
pp. 208 to 209 (1910). 
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the Midway district and other fields to the south, and in smaller 
quantities. 

As is generally understood, the bulk of the oil of the Coa- 
linga field originates in the organic Tejon (Eocene) shales and 
passes upward into the overlying sands chiefly of the Vaqueros 
(Lower Miocene) series. In the fields further south, the oil 
originates in the Middle and early Upper (?) Miocene shales, 
of similar organic nature, and passes upward to sands of Upper 
Miocene and Pliocene deposition included in what is know’n as 
the McKittrick formation. In the Coalinga field the equivalent 
of these Miocene shales is probably what is known as the “ Big 
Blue,” which is made up of clay, sand, and gravel, but is not 
organic in nature, and does not therefore possess the essen- 
tials necessary to give rise to commercial oil in this vicinity. 
Passing southward, however, this member increases in organic 
contents and thickness, and in the Pyramid Hills gives rise to 
a distinct petroliferous odor on fresh fracture. The thickness 
has here been estimated at 1,800 feet.“ 

The increase in the petroliferous nature of these Miocene 
shales as they pass southward, and the fact that they dip under 
the plain, to be uncomformably covered by McKittrick beds, 
indicate a possibility of commercial oil in the latter formation, 
as well as possibly in the Vaqueros sands. That this is an im- 
portant condition is shown by the actual development of oil in 
what has proved to be the McKittrick formation in the Lost 
Hills. 

Aside from the developments in the Lost Hills, Belridge, and 
Eullerton-Whittier districts, there has been nothing of great 
moment proved, although certain undeveloped localities are 
recognized as offering possibilities of production at shallow 
depth. 

Katurally, the sudden increase of production caused by de- 
velopments in ?^lidway has created a large surplus. Consump- 
tion has not kept pace with production; and it is highly 
improbable that consumption will, at any time in the future, 
increase in any such proportion as in past years. With com- 
paratively few exceptions, home-markets are supplied, and 
future increase in consumption must come from the increased 


^ Bulletin No. 406, U. S. Geological Survey , p. 63 (1910). 
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demands due to larger population and shipments to South 
America. 

If we assume present daily production over a period of eight 
months ending Sept. 1, 1911, at 211,000 barrels, and surplus at 
34,500 barrels, the daily consumption amounts to 176,500 bar- 
rels, or 64,422,500 barrels per annum. Compared with 1909, in 
which year the actual consumption was about 58,000,000 bar- 
rels, the increase is not large. 

The annual production of oil in California has been as fol- 
lows : 



Barrels. 


Barrels. 

1875 

3,000 

1893 

,. 470,179 

1876 

12,000 

1894 

.. 705,969 

1877 

13,000 

1895 

.. 1,208,482 

1878 

15,227 

189H 

.. 1,252,777 

1879 

13,643 

1897 

.. 1,903,411 

1880 

40,552 

1898 

.. 2,257,207 

1881 

99,862 

1899 

.. 2,642,095 

1882 

128,636 

19U0 

.. 4,324,484 

1883 

142,857 

1901 

.. 8,786,330- 

1884 

262,000 

1902 

. 13,984,268 

1886 

325,000 

190S 

..24,882,472 

1886 

377,145 

1904 

..29,649,434 

1887 

678,572 

1905 

..33,427,473 

1888 

690,333 

1906 

..33,098,598 

1889 

303,220 

1907 

..39,748,375 

1890 

307,360 

1908 

. 48,300,758 

1891 

232,600 

1909 

..58,191,000 

1892 


1910 (estimated).. 

..75,000,000 


The field-price at present is approximately 30 cents per bar- 
rel for fuel-oil and 45 cents per barrel for refining-oil. There- 
is no real reason why this price should not rule lower, as there 
are apparently some producers willing and anxious to sell at 
prices considerably below these figures. 

Drilling is still active, although much of the work is being 
done by the Southern Pacific Co., which is reported to be run- 
ning over ninety strings of tools. On Jan. 1, 1911, the number 
of rigs drilling was 567; on July 1, 492. For the six months 
the total production is approximately 38,000,000 barrels. Con- 
sumption has not materially increased for the half year; on the 
contrary, a falling off has been the tendency for the past 90^ 
days. 

To-day there is above ground a total of approximately 
40,000,000 barrels. The average surplus for the eight months- 
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ending Aug. 30, 1911, was approximately 32,000 barrels per 
day. By months the daily average excess has been, commenc- 
ing with January, 21,000, 30,000, 67,000, 36,000, 18,000, 33,000, 
and 32,000 barrels. 

It is exceedingly to be regretted that the oil-producers of 
California, as a whole, do not apparently realize the real cost 
of production. The older fields cannot hope materially to re- 
duce production-costs. On the contrary, as the deeper terri- 
tory is drilled, and present producing wells decline, costs must 
inevitably advance. From territory of, say, 2,500 ft. depth, 
total costs will approximate from 30 to 85 cents per barrel. 
For direct production — z.e., pumping, cleaning, and pulling — 10 
cents per barrel may be safely assumed. For maintenance of 
surface-equipment and rigs, 4 cents is a conservative estimate. 
For exhaustion of oil-land, and redemption of capital, from 6 to 

10 cents must be reckoned ; and for drilling to maintain produc- 
tion, 12 cents is not excessive. These figures make a minimum 
of 32 cents and a maximum of 36 cents. It is obvious that 
for any business in which the risk is as large as in the drilling 
of oil-wells, the resultant profit should be in proportion to the 
risk involved. Under existing conditions in California, this is 
most emphatically not the case. 

The recent agitation which has brought about*the dissolution 
of the Standard Oil Co. has in no way benefited the small pro- 
ducer. On the contrary, the situation has been rendered, if 
anything, more acute. Because of its self-contained character, 
as producer, transporter, refiner, and marketer, the Standard 

011 Co. was able to earn a profit when the small producer was 
confronted with a loss. Regulating prices, even within modest 
limits, by agreement is apparently to-day a criminal act. Be- 
cause of this, it is not possible to reach any agreement with the 
great factor in the California oil industry, and we have the spec- 
tacle of the Standard Oil Co. of California exerting a stronger 
and stronger domination, and the smallproducer getting deeper 
and deeper into financial difiBLculty. 

The utter failure of trust-busting,” so far as the commer- 
cial relief of California oil-producers is concerned, is self-evi- 
dent. It would be much more to the point if conditions were 
frankly faced as they exist, and regulation of output and prices 
permitted, if necessary, under government supervision. What 
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is being aimed at might be accomplished in that way. It is 
certainly not being accomplished at present by the absurd 
methods now pursued. The Standard Oil Co. of California, 
operating as a strictly local institution purged and purified 
from contaminating associations with the parent company, can 
quite as effectively dominate the fields as did ever the parent. 
And unless we turn anarchists pure and simple, and confiscate 
property and ignore vested rights, there is absolutely no way 
of curing the trouble save by pools and agreements recognized 
and encouraged by law. What is true of the Standard as to 
the cost of doing business will apply in less degree to the 
Union Oil Co., and to the Associated Oil Co. in still less 
degree, because the latter company is not in the refining busi- 
ness. To the small producer, who depends for his profit on 
taking the oil from the ground and selling it to the transport- 
ing and marketing companies, the present conditions spell ruin 
unless corrected in the near future. 

The waste of oil is appalling. Brought to the surface, it is 
allowed to lie for months in open earthen sumps. Storage- 
tanks of steel, concrete, and earth are full to overflowing ; and 
yet the daily surplus of from 31,000 to 50,000 barrels accumu- 
lates, and is in part dissipated by evaporation. Probably not 
less than 4,000,000 barrels, and possibly double this amount, 
of oil was lost last year by evaporation and seepage. This 
year will see quite as much similarly dissipated. Much of this 
loss could be eliminated by agreement among the producers. 
Practical conservation would be along lines of restricted pro- 
duction, permitting the oil to remain in its natural reservoirs 
underground until such time as it can be produced and sold at 
prices that will yield a reasonable profit to the small producer. 
To improve prices and relieve surplus, suggestions have been 
made that large quantities of oil be burned. This would be 
an attempt to conserve prices at the expense of natural re- 
sources. The mere suggestion of such a remedy for a condi- 
tion that need not exist if sane conservation were effective, is 
suflicient commentary on the utter inability and ineffectiveness 
of theoretical cures. Thanks to existing laws, it seems that we 
must continue recklessly to squander our resources and rob 
the State of one of its greatest assets without satisfactory 
return. 
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On the Pacific coast of l^orth and South America there 
has as yet been developed no deposit of coal equal in quality 
to the best eastern Australian or Welsh products. The cost 
of the non-uniform article which is found and mined in Wash- 
ington and British Columbia is much higher, as must also be 
similar products awaiting development in Peru and Alaska. 
Excess in these coal-costs and the poor quality of the article 
have, heretofore, not only retarded various industrial develop- 
ments, but hindered manufacturing enterprises on the Pacific 
Coast. This condition, however, paved the way for the intro- 
duction, eager use, and marked success of the fuel par excel- 
lence in steam-generation — California oil. 

A few comparative statements showing its superiority to coal 
in point of heat-value and economy in firing boilers follow : 

California oil in general use and under identical conditions 
gives uniform results. The evaporative power of the Pacific 
Coast coals varies greatly. Under horizontal boilers, 1 lb. of 
California oil should evaporate from 13 to 15 lb. of water. 
One pound of the best coal in use on the Pacific Coast will 
hardly evaporate 9 lb. of water, and 6 lb. is the figure for poorer- 
grades. Taking the ratio of the two fuels in point of evapora- 
tion efficiency as 14 lb. to 8 lb., or 1.75 to 1, we find that 1,280 lb., 
or 3.8 barrels, of fuel-oil is equivalent to one long ton, or 2,240 
lb., of coal. In transportation-cost, the advantage in favor of 
pipe-line is so great that the cheapest rail-transportation cannot 
compete, although water-shipments come nearer to so doing. 
Loading- and unloading-costs, losses from wastage and theft, 
and the difference in stoking-expenses are to a high degree in 
favor of the liquid fuel. 

Probably no more striking way of actually showing the relative commercial 
value of coal and oil as a fuel, could be presented than by stating that the Atchison, 
Topeka and Santa F4 Railroad Company made the following comparative tests, of 
the cost per train mile, of coal costing $6.65 per ton and petroleum costing $1.33. 
per barrel. 

Twenty-five passenger and freight engines on a thirty-day run, used 2,077 tons 
of oil and traveled 87,063 miles, or 41.9 miles per ton, or 3,500 miles per month 
per engine. Oil at $1.33 per barrel would, at this figure, cost 14.4 cents per mile. 
Twenty-five passenger and freight engines (same days, same track, and same 
condition) burning coal, cost 23.2 cents per mile. The oil was 15® Baum4, about 
the same as the Kern River oil, which is 14® and 17® Baum^ ; this showed a 
saving for oil of 38 per cent., and the experiment was tried with coal at $6.65- 
per ton. 
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“In this extended and practical test the cost of the oil per barrel was one-fifth 
•of the cost of the coal per ton, while the resulting gain for oil was 38 per cent. 
Stated in another form, the value of the two fuels would be the same when the 
price of the coal in tons "was three and one-half times the price of the oil in 
‘barrels ” ^ 

The following tables, extracted from a report compiled at 
my request by George W. Dickie, consulting marine engineer, 
of San Francisco, will be of interest in practically illustrating 
the proposition. Oil is figured at $1 per barrel. Indicated 
horse-power of steamer, 3,000 ; steaming speed, 11 knots. 


“ A.” 


O Q 



o5 . 

Sm 

Cost Per Day for Several Qualities of 




'oS o 

Coal 

at the Following 

Prices, 

as 

ll 

<5* 

c- 

|£ 

?? 

U, 

Delivered 

«6. 

$s 


12,000 

62.70 

37.66 

1288 36 

$413.76 

f 513. 16 

f300 

11,000 

68.40 

37.56 

311 16 

447.96 

584.76 

10,000 

75.20 

37.56 

338.36 

488.75 

639.16 


9,oro 

83 60 

37.66 

371 96 

539.16 

706.36 




“ B.” 





.A vessel engaged in coastwise traffic between California ports ; 


Oil-consumption per trip, 4,000 barrels, . 

Firemen, wages and food, 

$4,000 

275 

Total cost, 

$4,275 

Ooal-consumption per trip . 

1,200 tons, at say $4, . . 

Firemen, wages and food, .... 

$4,800 

1,000 

Total, 

$5,800 

Saving per trip in favor of oil, 

Assuming two voyages per month, the saving is, 

$1,625 

3,050 

Allowing 11 months’ operation per year, yearly saving, 
Or, 6 per cent, on a sum slightly under, . 

33,600 

560,000 

This figure of $1 per barrel at San Francisco bay would equal about 65 cents 
••net to the producer at the well. 

The United States Geological Survey has estimated the con- 
"tents of the probable oil-lands in the United States as follows : 


Report of TJ, S, Raved ** Liquid FueV^ Board, Bureau of Steam Engineering, 
*U. S. Navy Department, pp. $90 to 391 (1904). 
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Estimated Quantity of Oil in United States. 


Appalachian field, 
Lima- Indiana field, . 
Illinois field, 
Mid-Continent field, 
Gulf field, 

California field, 
Minor fields, 


Mlnimam 

Barrels 

2,000,000,000 

1 , 000 , 000,000 

350.000. 000 

400.000. 000 

250.000. 000 

5.000. 000.000 

1 . 000 . 000.000 


Maximum. 

Barrels 

6,000,000,000 

3.000. 000.000 

1 . 000 . 000.000 

1 , 000 , 000,000 

1 , 000 , 000,000 

8.500.000. 000 

5.000. 000.000 


Total, 


10,000,000,000 24,500,000,000 ‘ 


In other words, of the minimum of 10,000,000,000 barrels, 
Oalifornia is credited with one-half of the entire possible produc- 
tion of the United States, and of the possible maximum, Cali- 
fornia may possibly produce one-third. 

Personally, I believe that the maximum will unquestion- 
^ibly be in excess of 8,500,000,000 barrels for California. The 
total production for the State to Sept. 1 was approximately 
434,000,000 barrels, leaving a very large percentage still un- 
derground. It is safe to say that California oil will dominate 
the fuel-market on the Pacific Coast during the present cen- 
tury and probably far into the next century. Unless con- 
sumption is tremendously increased, this is undoubtedly true. 
These figures are, of course, only relative approximations, but 
are suflBlciently accurate to warrant the assertion that Califor- 
nia oil will dominate the fuel-market of the Pacific at least 
through the present century. 

Comparing California oil with Alaska coal, it is apparent 
that oil has complete control of the field. 

Alaska coal can be landed at Puget sound ports for approxi- 
mately |4 per ton.‘‘ 

Assuming 3.5 barrels of oil as equal to one ton of coal and 
‘Oil at 60 cents per barrel at the well, its comparative cost with 
coal per ton delivered on Puget sound would be $3.50, and 
with oil at 75 cents at the well, this cost should not exceed 
:$4.20. At prices even in excess of this, consumers would not 
return to coal, owing to the many indirect advantages accru- 
ing to the burning of oil. Costs at other points depend 
entirely upon distance by sea. Assuming Valparaiso, Chile, as 
the southern, and Douglas Island, Alaska, as the northern ex- 


* Bulletin No. 442, Z7. S. Geological Survey, p. 88 (1910). 
voii. XLXi.— 45 
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trenae, with oil at 60 cents per barrel at the well, coal must sell 
at $5 per ton at Valparaiso, and $3.50 at Douglas Island, in order 
to equal oil in fuel-value. This takes into consideration due 
allowance for interest, redemption-funds, depreciation, and 
transportation. When the prices of oil are yet higher coal 
cannot compete, because the oil is so much more satisfactory in 
every way, and has so many advantages, that the cost of coal 
would have to be materially less to induce the abandonment of 
oil. In view of the above statements, it is fair to assume that 
during the life of the fields there will be no fear of competition 
from coal until oil is selling above 75 cents per barrel. 

Eeeent experiments indicate the possibility of oil being used 
for domestic purposes, even in small dwellings. I am using it 
in my home for both cooking and heating, to the entire exclu- 
sion of coal; and a more recent device seems to make the 
installation-cost so small as to open the entire domestic field to 
oil-competition. If so, the consumption of coal .will practically 
cease in California, and the public will cut its fuel-bills more 
than 50 per cent. 

The action of the government in withdrawing certain terri- 
tory is a step in the right direction. Additional drilling at 
this time would benefit no one, and would be an additional 
menace to an already overburdened situation. There is no 
storage so satisfactory as that afibrded by the underground 
reservoirs from which the oil comes. It is free from costs of 
any kind, and seepage and evaporation are entirely eliminated. 
Some plan, however, should be decided upon, whereby the 
land will be available when needed. Leasing under certain 
restrictions would seem to be a logical solution. At present it 
would be folly to open in any way this withdrawn area. 
Territory now producing can care for consumption for an in- 
definite period. As a suggestion, I should say that government 
land should not he leased so long as oil at the well sells for 
less than from 60 to 70 cents per barrel, and that, on leases sO' 
granted, no new drilling should be permitted when prices rule 
below this figure. This would be sane and practical conserva- 
tion, as it would permit production only in times of need, and 
would conserve a great natural resource that, once exhausted, 
can never be replaced. 
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Gold-Production in California. 

BT CHARLES G. TALE,* SAN FRANCISCO, CAL. 

(San Francisco Meeting, October, 1911 ) 

A FEW years ago somebody connected with one of those self- 
constituted bodies of unofficial character, like a Chamber of 
Commerce, Board of Trade, or State Development Board, 
started a catch-phrase referring to California as “ The Land of 
Sunshine, Fruit, and Flowers,” and the railroad magazines and 
folders keep it steadily in use, working day and night. Yet it 
altogether ignores the substance which brought the State into 
the Union, which peopled it, and which made it famous through- 
out the world. You ladies and gentlemen who have come from 
what we here call the East,” have in your own States, no 
matter which one, sunshine, fruit, and flowers. But your 
Eastern States, having these things as we do, have not the gold 
that we do. Therefore, the old designation of ^^The Golden 
State,” applied to California, should be revived, as being the 
most distinctive term. It is worthy of remembrance, too, that 
during the dark days of the civil war this State handed over 
$172,000,000 in yellow gold, and saved the credit of the nation. 

Gold-mining has been carried on in California since 

* ‘ The dajs of old, 

The days of gold, 

The days of 

and it still continues. Since that historic year, and up to the end 
of 1910, the State has produced, in gold alone, $1,530,214,468. 
Since 1792 the entire United States production of gold has been 
$8,261,573,500, so that the single State of California has, in 
that period, produced within $201,144,564 of one-half of all the 
gold from Alaska, Arizona, Colorado, Idaho, Montana, Nevada, 
New Mexico, Oregon, South Dakota, Utah, Washington, and 
the Southern and scattering States. In other words, all the 
other 25 gold-producing States of the United States combined 


* Statistician of the U. S. Geological Survey. 
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Lave only produced about two hundred millions more than the 
single State of California has in the long period of 118 years. 
Moreover, it has taken California but 62 years to produce that 
near half, which it has done at the average rate of |24,680,878 
per annum. This shows an average gold-yield of $2,066,739 
per month for the last 62 years. 

California therefore deserves the title of “ The Golden 
State.” 

It is to be noted, moreover, that California is still the leading 
gold-producer among the States of the Union, and there are 
still a larger number of producing gold-mines here than in any 
other State. Gold is being mined in larger or smaller quanti- 
ties in 34 of the counties of the State. 

Among other mining States of the Union, California has, as 
a gold-producing region, the distinction of holding the record 
on all counts. It has made by far the largest aggregate prod- 
uct; made the largest output in any single year; made the 
highest annual average, although its mines have been worked 
for more than 62 years ; kept the lead as a gold-producer the 
greatest consecutive number of years ; has the largest number 
of individual gold-mines ; pursues the greatest number of varied 
branches of gold-mining; and has the widest geographical dis- 
tribution of its gold-deposits. 

The gold-belt of the State extends its extreme length from 
Oregon on the north to Arizona and Mexico on the south. 
Gold IS mined in the highest parts of the Sierra Kevada moun- 
tains, the foot-hills, the valleys, and on the beaches bordering 
the ocean. The gold is taken from quartz, placers, pockets, 
seam-diggings, hydraulic drift, ocean-beach sand, by dredging, 
wing-damming, dry-washing, and other forms of mining. The 
snowy ranges, the river-beds, the beaches, the desert sands, the 
ancient buried rivers, the superficial gravel-deposits, all yield 
their quota. The climatic conditions in all except the higher 
ranges are favorable to work the year round. In some of the 
foot-hill counties, the men work their orange- or olive-orchards 
and vineyards in the summer and drift for gold under them in 
the winter months. It is to be noted that to-day the three 
great dredging-fields are at points where citrus fruits first ripen. 
The county producing the most gold is in the valley, below the 
foot-hills, and not in the snowy mountains. 
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It is not my intention to read you a statistical paper or bore 
you with a lot of figures, but rather to convey an idea of the 
present condition of the gold-mining industry in the State as 
far as it may be done briefly. A few figures are, however, 
necessary. It may be said that the record year of gold-produc- 
tion in California was 1852, when the placer-miners produced 
gold to the value of $81,294,700. In 1883 the yield was 
$24,316,873, and then the annual product gradually declined, 
owing largely to the closing of hydraulic mines, until, in 1889, 
the output was only $11,212,413. For seven of those years, 
between 1883 and 1904, it was less than $13,000,000 annually. 
Since 1904, the gold-yield has averaged about $19,000,000, 
sometimes exceeding $20,900,000, and it is to be confessed there 
is not much prospect of an increase. With labor at $3 per day, 
and an 8-hr. day enforced by law, it is diflSlcult for the quartz- 
miners to make much profit on ore of ordinary grade unless 
large ore-bodies are worked, and as a consequence many have 
been compelled to cease operations. Still, the tonnage from 
the deep mines continues to be of considerable proportions, this 
having been 2,697,885 tons last year, of which 1,963,296 tons 
were siliceous or gold-ores. The average value in gold of this 
ore was $5.20 per ton. In some counties, where the veins are 
comparatively small, the values run up to $8 per ton. Taking 
a typical large mine in one of these counties, where nearly 
100,000 tons were milled, the average yield per ton was $13.68, 
and the profit $7.51 per ton, over all costs of operation and 
development. 

In the Mother Lode counties, where the ore-bodies are very 
wide, the ore is low grade. In one of these counties last year, 
647,873 tons of ore were milled, yielding an average of $4.69 
per ton. But taking all five of the Mother Lode counties, 
where 1,170,497 tons were milled, the average yield per ton 
was only $3.78, 

It may be a surprise to some to know that, contrary to general 
supposition, the placer-mines of the State are now yielding 
45.09 per cent, and the deep or quartz-mines producing 54.91 
per cent of the entire gold-product About this proportion 
has prevailed for several years. It is true that the ordinary 
surface-placers, where they use rocker, tom, and sluice, now cut 
but a small figure, but the drift- and hydraulic mines are still 
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yielding, and the dredgers are now producing 84.94 per cent, 
of all the placer-gold. This comparatively new system of sur- 
face-mining has given renewed life to placer-work. Owing to 
adverse legislation, the hydraulic mines, formerly highly pro- 
ductive, are now yielding only 7.15 per cent., the drift-mines 
5.82 per cent., and the surface- or sluicing-mines only 2.09 per- 
cent. of the placer-gold. Since 1899 the dredges have dug out 
140,318,775, and are now producing at the rate of |7, 550,000 
per annum, with 71 machines in operation. The details of this 
dredging-work will be given in the paper, Present-Day Prob- 
lems in California Gold-Dredging, by Mr. Janin, presented at 
this meeting.* 

The largest production of gold in California in 1910 came from 
Tuba county, mainly from dredging. The county most produc- 
tive in gold from deep mines is Amador, one of the Mother 
Lode counties. The leading hydraulic-mining county is Trinity, 
and the leading drift-mining county is Placer. The largest pro- 
duction from dredge-mines was from Tuba county. 

It is to be confessed that little progress is being shown in the 
deep mining for gold, or even in the placer fields, aside from 
dredging-operations. Even in the latter, in the Oroville field, 
a decrease in gold-output is already apparent, owing to some of 
the ground having been worked out, but the increased output 
of the Yuba field, and in outside districts, made up for the 
loss in the Oroville dredging-field. There are only three 
large dredging-fields in the State, these being at points where 
the Feather, American, and Yuba rivers leave the foot-hills 
to enter the valley-lands, after, in their course, having cut 
through beds of auriferous gravel and depositing the fine gold 
with the soil carried down, when the streams are suddenly 
arrested from their swift flow by reaching level ground. There 
are numerous isolated points, however, in other counties, where 
the circumstances permit the operation of one or more dredges 
within restricted areas. For this reason dredging is being car- 
ried on in 10 counties of the State. 

The speculative era of gold-mining has almost entirely disap- 
peared from California. The stock of no single gold-mine is 
listed on the Stock and Exchange Boards or publicly dealt in. 
The mining-work is now almost entirely carried on by organized 


^ This volume, p. 855. 
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companies which provide capital for the enterprise. The day 
of the nomadic miner is virtually at an end, and the men are 
now nearly all employed at daily wages. Of course, there are 
still many prospectors, but most of the miners live in perma- 
nent thriving towns near the larger properties, far different from 
the old-fashioned primitive mining-camp. High-priced officials 
have been replaced, office-force and expenses reduced, and only 
skilled men employed. More railroads, better wagon-roads, 
cheaper supplies, improved methods of transportation, better 
machinery at lower cost, highly improved reduction-methods 
and appliances, adoption of proved modern processes, careful 
saving of concentrates, stronger powder, power-drills, electric 
and water-power, heavier and larger milling-plants, more exten- 
sive development, and generally improved systems and appli- 
ances, have all contributed in recent years towards a change for 
the better in gold-mining in California. 


Examination of Dredging-Properties. 

BY PRANOIS J. DENNIS, SAN ERANOISOO, OAL. 

(San Francisco Meeting, October, 1911.) 

Many factors govern the value of dredging-ground, and 
much capital can be wasted by the mistaken policy of contract- 
ing for the purchase of property and the installation of ma- 
chinery before a thorough examination has been made. To 
the uninitiated investor the presence of gold is generally the 
criterion, and very superficial evidence is necessary to satisfy 
him as to this point. He considers the comprehensive report 
of a competent engineer as a wasteful extravagance, and cannot 
understand why the engineer requires so much time and money 
to ascertain the information on which to base his conclusions, 
when the promoter can* furnish him such pleasing and satis- 
factory data with but little expenditure of time and money. 
The uninitiated investor will pften optimistically risk capital 
for purchase and equipment, and not until the venture comes 
to grief does he learn that the conditions are wholly unsuited 
for dredging. In many instances, a short preliminary examina- 
tion by a competent engineer would have disclosed these facts. 
The mere presence of gold is by no means sufficient ; some ol 
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the other factors necessary to be ascertained in determining 
the value of placer-ground for dredging-purposes are : (1) 
character and distribution of gold, and how much can economi- 
cally be recovered j (2) character of bedding underlying the 
gravel, its contour, and whether its gold can be recovered by 
ordinary dredging-operations ; (3) area and depths of gravel, 
surface contour, over-burden, water-level, proportion of line ma- 
terial and boulders, and the presence of any material which 
might interfere with the dredging-operations and the recovery 
of the gold; (4) water-supply, power available, labor, trans- 
portation, and supplies, and cost of these ; (5) climatic condi- 
tions; (6) title to property, cost and royalties, and legal obsta- 
cles to carrying on dredging-operations. 

A brief reconnaissance may be sufficient to determine that 
some of the essential conditions for successful dredging are 
lacking and no further expense need be incurred. Exposures in 
the gullies, pits, and shafts often afford considerable evidence of 
the extent and characteristics of the gravel and the contour and 
character of the bedding, and this may be readily supplemented 
by sinking a few additional shafts or drilling a few holes. The- 
preliminary report proving satisfactory, arrangements should 
he made for thoroughly testing the ground. The area should 
be surveyed, and the shafts or drill-holes placed according to* 
the sampling-scheme adopted. Information obtained during 
the preliminary examination should be of use in forming this- 
plan. "Where the deposit of gravel and occurrence of gold are 
fairly regular throughout the area, it is generally laid out into 
squares of from 200 to 500 ft. Where the occurrence is in 
channels, this method cannot be pursued, and more judgment 
and ingenuity are called for in placing the holes and in making 
estimates from the results obtained. Holes may be placed at 
short intervals across the channels in rows at regular intervals, 
and it is sometimes the practice to afrange the holes so that 
those of alternate transverse lines form longitudinal lines. 
Whether shafts shall be sunk or holes drilled is a question of 
expediency. Shafts afford the most complete information, and 
where round shafts can be cheaply sunk, this method is advis- 
able. Where expensively timbered shafts are required and 
water and other features militate against shaft-sinking, the 
cost is prohibitive and drilling is resorted to. It is by this- 
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latter method that most of the dredging-ground in California 
has been prospected, but it must be borne in mind that the 
prospectors previously had considerable information as to the 
characteristics of the gravel and bedding. 

l^’o. 3 Keystone drills are usually used in making drilling- 
tests, but as the plant is heavy and somewhat difficult to trans- 
port, the development of the hand-drill in recent years has 
made it an important factor in the prospecting of gravel-areas 
in foreign countries, or in localities difficult of access where 
the transportation-charges are high. Its low first-cost — about 
one-half of that of a steam-drill — the great reduction in weight 
— about one-tenth of a non-traction or one-fifteenth of a traction- 
drill, exclusive of supplies — and the further fact that the whole 
hand-drill outfit, weighing a little more than 1,000 lb., can be 
made up into packs, with a maximum weight of less than 75 lb. 
each, is of considerable importance in prospecting. A com- 
plete and very interesting article on the Empire hand-drill for 
prospecting- work has been published by J. Power Hutchins 
and Korman Stines.^ In new territory it is advisable, even 
though expensive, to sink a few shafts in the initial stages of 
the investigation, and the data thus obtained will enable a 
closer interpretation of the character of the ground passed 
through in drilling. 

It is not intended that this present paper shall discuss the- 
details of drilling- and sampling-operations, tyx3es of drills, and 
methods of determining the gold-content of samples. But it 
should be borne in mind that reliable, experienced men should 
be employed in this work, and that constant vigilance should 
be exercised. Field- and time-books should be conscientiously 
kept, assay-values at various depths noted, characteristics of 
the bedding and gravel, time consumed, difficulties encountered,, 
and features that might militate against dredging recorded. 
This information should be kept in the prospecting log-book,, 
which at the finish should contain a summary of all data 
obtained during the progress of the drilling. From this the 
engineer should then allocate the results to the proper area,, 
eliminate unprofitable areas where practicable, and summarize 
the yardage and value of the area that should be worked. In 

^ Mining and Scientific Prm^ vol. ciL, Nos. 1 and 4, pp. 39 and 164 (Jan. 7 and 
28, 1911). 
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making this estimate there is no fixed formula for discounting 
the results indicated by the drilling-test, but experience has 
shown that the amount of gold obtained by dredging is 
generally only from 75 to 80 per cent, of that indicated by 
prospecting. Having ascertained that the conditions are favor- 
able for dredging, it is then incumbent on the engineer to 
determine on the type and size of dredges, the number to be 
installed, and the general campaign to be followed. 

Having a given area, the yardage and contents of which can 
be estimated with considerable certainty, he is called upon to 
decide what equipment will yield the best economic results. 
His information of the physical characteristics of the area, 
together with his general knowledge of what is being accom- 
plished in other fields, should enable him to estimate closely 
operating-costs with dredges of various capacities and construc- 
tion. A small yardage will evidently not justify a large and 
expensively-constructed dredge, nor would the extra expense 
•of construction necessary in a dredge for heavy ground be 
justified in constructing a dredge to work a similar yardage of 
lighter ground. Amortization of the cost of equipment should 
be set off against operating-costs, and no extra expenditure be 
incurred that will not be justified by a corresponding reduction 
in operating-costs. Por example, assume an area of 100 acres 
-of gravel, 11 yd. deep, and containing 5,000,000 cu. yd. A 
18.5-ft. boat would cost about $250,000 and would work out 
the area in less than two years. Assume the operating-cost to 
be 4 cents per yard, the amortization of the equipment would 
be 5 cents per yard, making a total of 9 cents per yard. A 
6-ft. boat would cost about $85’,000 and would work out the 
area in about five years. Assume the operating-cost to be 
‘6 cents, the amortization of the equipment would be 1.7 cents, 
.a total of 7.7 cents per cubic yard. The installation of the 
smaller capacity boat would be clearly advisable. Assume the 
acreage to be 300 and the yardage 15,000,000. The operating- 
cost of the large boat would be 4 cents and the amortization 
1.666 cents, a total of 5.666 cents per yard. Two 5-ft. boats at 
.a total cost of $170,000 would be required to handle this yard- 
.age. The operating-costs would be 6 cents and the amortiza- 
tion 1.133 cents, a total of 7.133 cents per cubic yard. Here 
the installation of the larger boat is clearly advisable. It is 
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not thought necessary to enter into the refinements of interest 
calculations in the above examples, but where the operating- 
profits are large, this factor is well worthy of consideration. 

The value of the plant as an asset after the area has been ex- 
hausted should also be taken into consideration. The engineer 
is, of course, presumed to have taken cognizance of, and 
provided for, the amortization of the initial investment in 
presenting his report to his principals. Moreover, he may 
have been sent to report on the area as a dredging under- 
taking, and, although he finds that it is not suitable for simple 
dredging alone, some modified form or some method which is 
an outgrowth of the industry may be profitably undertaken. 
It is incumbent upon the engineer to use the greatest care in 
ascertaining information about the property, and the greater 
his ability and experience the more valuable will his report be 
to his principals. 


Present-Day Problems in California Gold-Dredging, 

BY CHARLES JANIN, SAN FRANCISCO, CAL. 

(San Francisco Meeting, October, 1911 ) 

The first successful bucket-elevator dredge to operate in Cali- 
fornia was put in commission at Oroville in March, 1898. 
There had been numerous previous attempts at dredging, but 
none of the earlier boats proved a success. The gold-miners 
in California early conceived the idea of a machine to dig gravel 
from the beds and bars of auriferous streams that were inacces- 
sible by the methods then employed, and it was only a few 
months after the discovery of gold in California that such a 
machine was shipped around Cape Horn from l^Tew York to 
San Francisco. This was, however, but the forerunner of many 
failures in gold-dredging, and was soon at the bottom of the 
Sacramento river. During succeeding years many other unsuc- 
cessful attempts were made, and it was not until 1897 that a 
dredge of the single-lift bucket-elevator type was floated on the 
Yuba river. This dredge was built by the Risdon Iron Works 
for R. H. Postlethwaite, and would probably have been a suc- 
cess if it had been operated on some of the rich Oroville ground 
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instead of in a turbulent stream, where the dredge was wrecked 
during a flood, and was not repaired. 

Fig. 1 is a sketch-map of California, showing gold-dredging 
areas. 

It is not my intention to narrate in detail the history of the 
early tailares in gold-dredging, and the various steps in the de- 
velopment of the modern boat, but merely to touch upon this 
in a general way, and to call attention to the wide diiference in 
capacity and operating-cost between the first successful dredge,, 
with an actual capacity of 600 cu. yd. per day — though its rated 
capacity was in excess of this — and the present modern dredge 
with 15-cu. ft. buckets, and an average capacity of 250,000 cu, 
yd. per month. Even this enormous capacity has several times 
been exceeded on monthly runs. The first successful dredges 
in California were equipped with open-connected buckets, were 
operated on head-lines, and had short- tray tailings-stackers. F or 
a number of years dredges of this type were used with varying 
success, generally on shallow and easily-dug gravel. When at- 
tempts were made to work deeper ground and cemented gravel 
had to be handled, it was found that these first boats were too 
light, and it was necessary to install heavier machinery to with- 
stand the increased strain. 

The modern California-type dredge, with close-connected 
buckets, spuds, and belt-conveyor for stacking tailings, was a 
gradual development through years of experimenting. This 
dredge embodies the ideas of successful operators, and it is 
generally conceded that dredge-construction and operating- 
methods in California are far ahead of those in any other coun- 
try in the world. The dredges built in California cost from 
$25,000 to $265,000 each; a standard 8.5-cu. ft, boat costing 
from $150,000 to $175,000, according to conditions to be met 
in operation. With great improvements made in dredge-con- 
struction, and corresponding reduction in oj^erating-costs, areas 
that were at first considered too low-grade to be equipped with 
a dredge are being profitably worked, and the gold-production 
from this source, according to the XT. S. Geological Survey re- 
ports, increased from $18,847 in 1898 to $7,560,254 in 1910,. 
being 28.3 per cent, of the total gold-production of the State 
from all sources for the last 'year, and 84.9 per cent, of the total 
placer-gold for the year. The production by dredging during: 
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1911 is estimatedj as closely as can be figured at this date, at 
$8,000,000. Table 1. shows the production I 7 years of gold 
won from dredging-operations in California from 1898 to 1911, 
being a total of more than $40,000,000. 

Table I , — Production hy Dredaes of Gold in California. Years 

1898 to 1910. 


Year 

Amount 

Year. 

Amount. 

1898, . 

$18,847 

1905, . 

. $3,276,141 

1899, . 

133,812 

1906, . 

. 5,098,354 

1900, . 

200,369 

1907, . 

. 6,065,437 

1901, . 

471,934 

1908, . 

. 6,536,089 

1902, . 

801,295 

1909, . 

. 7,382,950 

1903, . 

. 1,488,556 

1910, . 

. 7,560,254 

1904, . 

. 2,187,038 

1911,a . 

. 8,000,000 


^ Estimated. 


California dredges vary in size from 3.5- to 15-cu. ft. buckets. 
In Alaska some dredges are equipj^ed with buckets as small as 
1.25 cu, ft. to dig shallow ground, and are reported to be work- 
ing profitably. A 15-ft. Marion dredge has recently been in- 
stalled on the Boyle concession in Yukon Territory. The suc- 
cessful operation of this boat will no doubt encourage and be 
followed by further installations of the larger-sized boats where 
•conditions warrant in the Far North. While electricity is the 
ideal power for operating dredges, steam has been successfully 
used on a number of installations, and experience has proved 
the merits of the gasoline- and distillate-engine for this work. 
There seems little doubt but that the successful development 
•of the gas-producer for the generating of electric power will 
prove an important factor in considering future dredging of 
gravel-areas in districts where electric power or water-power for 
the installation of hydro-electric plants is not at present avail- 
able. While it is unnecessary to go into the details of dredge- 
construction in this article, a short description of one of the 
modern dredges may be profitably given here. A fuller de- 
scription of a dredge of this character has been published,^ 
also a complete record of dredges constructed in Oalifornia,^ 
written by W. B. Winston and Charles Janin. 

Yuba No. 13, one of the largest gold-dredges operating in 

^ Mining and /Scientific Frm, vol. ciii , I^'o. 15, p. 446 (Oct. 7, 1911). 

^ Gold Dredging in California, Bidletln No. 67, California State Mining Bureau. 
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California, was put in commission at Hammonton, in Yuba 
River basin, Aug. 10, 1911. This dredge, Fig. 2, was built by the 
Yuba Construction Co., and is one of five practically similar 
dredges built by the same company this year. It required 

820.000 ft. of lumber for the hull and housing the hull ; its 
dimensions arc 150 by 58.5 by 12.5 ft., with an overhang of 
5 ft. on each side, making 68.5 ft. total width of bousing. The 
digging-ladder is of plate-girder construction and designed to 
dig 65 ft. below water-level, and is equipped with ninety 15- 
cu. ft. buckets arranged in a close-connected line. The entire 
weight of the digging-ladder and bucket-line is approximately 

700.000 lb. The washing-screen is of the revolving type, roller- 
driven, and is 9 ft. in diameter by 60.5 ft. long and weighs 
111,721 lb. Two steel spuds are used, each weighing over 44 
tons. The ladder-hoist winch has a double drum, and weighs 
67,016 lb. The swinging-winch consists of eight drums, and 
weighs 34,193 lb. The stacker-hoist winch weighs 3,732 lb. 
The gold-saving tables are of the double-bank type and have an 
approximate riffle-area of 8,000 sq. ft. The tailings-sluices at 
the stern can be arranged to discharge the sand from the tables 
either close to the dredge or at some distance behind. The con- 
veyor stacker-belt is 42 in. wide and 275 ft. long, on a stacker- 
ladder of the lattice-girder type, 142 ft. long. Nine motors are 
in use on the dredge, with a total rated capacity of 1,072 h-p. 
The total weight of hull and equipment is 4,640,862 j)ounds. 

Hatoma Ho. 10 dredge, now under construction, is equipped 
with 15-eu. ft. buckets, and will have a steel huU, being the 
first dredge operating on a steel hull in California. The hull 
will be 150 by 56 by 10.5 ft. and will have a total weight of 

920.000 lb. This is about one-half the weight of a wooden hull to 
carry the same machinery, and the draft of the boat will be con- 
siderably lighter. This boat will be in operation in Ap)ril, 1912. 

Owing to the financial success of gold-dredging, most of the 
gravel-areas of California have been explored. It is hardly to 
be expected that any new fields as rich as those now being 
worked will be found, but it is possible that areas considered 
unprofitable for dredging, even within recent years, will be 
worked in the future. 

Table II. gives in a general way the approximate extent of 
dredging-ground in the best-known dredging-districts in Cali- 
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Fig. 1.— Sketch-Map of California, Showing Gold-Deedging Areas. 
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Fig. 2.— Ydba No. 13, a 15*cd. ft. Dredge. 



Fig. 3.— Bucket-Scraper Plant at Work. 




5-rT. Eisdon Dredge Ofeeating in the American Eiver. 
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Fig. 7. — 5-ou. ft. Bucket and Tqmblee Compared to a 54-cu. ft. Bucks 
FROM A Harbor-Dredge. (Lobnitz <& Co., Eenfrew, Scotland.) 
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fornia, the average depth of gravel, and the value per cubic 
yard. Much of this ground has already been dredged, and 
some areas of .lower-grade gravels which ultimately may be 
dredged are not included. 


Table II. — Dredging-Ground in California. 


Counties. 

Total Proved 
Dredging- 
Ground 

Average 
Iiepth of 
Ground. 

Average 
Value Per 
Cubic Yard 


Acres. 

Feet. 

Cents 

Butte 

6,600 

30 

]5 

Yuba 

3,600 

65 

15 

Placer 

430 

38 

8 

Sacramento 

6,000 

35 

11 

Calaveras 

850 

18 

14 

Stanislaus 

200 

22 

14 

Merced 

400 

20 

13 

Shasta 

600 

22 

11 

Siskiyou 

350 

35 

14 

Trinity 

600 

25 

15 


In addition to the lower-grade gravel being worked in the 
future, areas considered too small for the profitable installation 
of an expensive modern dredge will be equipped with strong, 
lighter designed, and less expensive boats, and also with re- 
built dredges using machinery from dredges which have worked 
out the areas for which they were built, or that have been dis- 
mantled and replaced by larger boats. The machinery of some 
of these dismantled, and to be dismantled, dredges is in good 
condition, fit for many years of working-life, and can be re- 
fitted on a new hull on nearby property or properties not too 
difioleult of access, and a practically new dredge built, in some 
cases at less than 50 per cent, of the cost of the original boat. 
It must be recognized that these rebuilt boats may not always 
be adapted to handle the gravel with as low operating-costs as 
might otherwise be attained, but the smaller expense of instal- 
lation will prove a large factor in their selection and use. 
Dredges that were first constructed in Colorado, but proved 
unprofitable, were dismantled and their machinery used on 
hulls in California. The machinery from several California 
dredges has been moved to other fields, and, in some eases, to 
Alaska. Eecent examples which may be mentioned are the 
Scott River dredge, formerly at Callahan, Siskiyou county, 
where it was unprofitable, w’hich was dismantled and the mar- 
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chinery moved to Trinity Center, Trinity county. The Butte 
dredge, having worked out the company’s holdings at Oroville, 
was also dismantled, «nd the machinery is being placed on a 
new hull near Jenny Lind, Calaveras county. The Scott Eiver 
dredge was put in commission in August, 1908, and was 
■equipped with 7.5-cu. ft. buckets. It was not quite two years 
in operation, being shut down May 30, 1910. It was pur- 
chased by the Alta Bert Gold Dredging Co., acting on the 
advice of H. G. Peake, and was moved to its ground in Trinity 
county. The estimated cost of building a new hull, installing 
the machinery, including a 28-mile haul, with a freight-cost 
exceeding 1 cent per pound, and building a power-transmis- 
sion line of 5 miles, is $80,000. The Butte dredge was put in 
operation during November, 1902, and dismantled in July , 
1910. It was equipped with 8.5-cu. ft. buckets. The ma- 
chinery is being placed on a new hull, and includes a new 
bucket-line of 4-cu. ft. buckets. The cost of the installation, 
including the new bucket-line, has been estimated at $30,000. 
The figures given for moving both of these boats must be con- 
sidered approximations only, as they are not official. 

There also seems to be a field in California and elsewhere for 
the installation of the bucket-scraper on auriferous areas too 
small or otherwise unsuitable for dredges, but of sufficient gold- 
content to be profitably handled by the scraper. This method 
of handling gravel is profitably in use in Siberia, in the Kol- 
chan mines, at the present time, a plant built by the New York 
Engineering Co. having been installed by 0. W. Purington. 
A view of a bucket-scraper plant is given in Fig. 3. . In Cali- 
fornia one has been in successful operation near San Andreas. 
This machine rests upon rollers, by which it is moved on a 
plank track. It delivers to a set of trommels and gold- 
saving tables similar to those on a dredge. It has a 60-fifc. 
boom upon which the scraper-^bucket, weighing 1.5 tons and 
having a capacity of 1.5 cu. yd., works. The bucket is 
raised and lowered by means of a cable working over a 
sheave at the end of the boom, and is loaded by means of a 
drag-line traveling between sheaves in front of the floor-plate. 
Dumping is accomplished by means of an equalizing-cable at- 
tached to the drag-line and on the front of the bucket,- which 
passes over a sheave fastened to the bucket-bale. The exca- 
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vator is turned by a single-drum winding-engine, having two 
cables attached, whereby a complete circle can be made and 
the scraper-bucket operated on all sides. The machine is op- 
erated by steam-power, wood being used as fuel. Thus 
equipped, it has excavated gravel to a depth of 35 ft., and, it is 
claimed, can be worked to a depth of 50 feet. 

The material is dumped by the bucket into a hopper 12 by 
12 ft., which feeds a trommel-screen 4.5 by 22 ft., the upper 
part of which has |-in. perforations, the perforations of the 
lower 18 in. being 0.75 in. The oversize discharges to a belt- 
conveyor stacker ; the undersize passes over Hungarian rifles, 
and then to a riffled sluice-box in which quicksilver is deposited, 
and finally to a 20-ft. sluice-way in which cocoa matting is used. 
"Water is pumped into the hopper to wash the material through 
the cylinder. The cylinder and stacker are operated by a 
15-h-p. electric motor, and the whole washing-apparatus is 
mounted on rails. It requires two men on the excavator and 
one on the washer. Accurate figures of operating-costs are 
not at present available, but are understood to approximate 16 
cents per cubic yard. At the Kolchan mines it is claimed that 
exclusive of management-charges, which are high, the cost of 
washing 24,400 cu. yd. for July was 14 cents per cubic yard. 
While these machines cannot be compared with modern dredges 
in capacity and operating-costs, it is claimed by those familiar 
with the operation that there is a good field under suitable 
conditions for their use in places where it is impracticable to 
install dredges. 

The dipper-dredge has been successfully operated on small 
areas at Oroville and elsewhere, but does not meet with ap- 
proval among dredge-operators in general, who contend that 
the efficiency of these boats, both as to yardage and gold-sav- 
ing capacity, is not up to that of the standard type. These 
boats have a low first-cost (about |25,000, f.o.b. factory) and are 
built with buckets of from 1.25- to 2.5-cu. yd. capacity. It is 
claimed by the dealers and some operators that under the fol- 
lowing conditions there is a field for this type of dredge ; (1) 
where the ground is somewhat shallow; (2) where the extent 
of the ground is not sufficient to warrant the installation of a 
costly dredge; (3) where the material is of a rough character, 
boulders, and stumps; (4) where the ground is mixed with 
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more or less clay, as the clipper will relieve itself notwithstand- 
ing the adhesiveness of the material. 

The reported successful operation of a small Risdon dredge on 
the middle fork of the American river near Forest Hill, Placer 
county, under conditions thought by many to be impossible tor 
operation, will undoubtedly encourage other installations in 
rivers at times torrential. A. A. Tregidgo is now promoting 
a company for the dredging of gravel some distance below this^ 
place. 'Without attempting to pass on the merits of either of 
these undertakings, it is interesting to consider them as engi- 
neering problems, and their success will draw considerable at- 
tention to similar gravel-areas in this State and elsewhere. 
■While gold-dredging in California has been mainly confined to 
gravel-areas some distance from the main river-channels, it is 
claimed that a small boat, with some modifications in the hull 
to suit the river conditions, and adapted for work in a swift cur- 
rent, with head-line and mooring-winches of greatly increased 
strength, can be profitably operated, even in the winter months, 
in the California rivers where not in conflict with the present 
debris laws. In addition to the use of a small dredge, it is pro- 
posed by Mr. Tregidgo to operate a hydraulic elevator on the 
same property, water being available at a head of 1,000 ft- 
This water will first be used at a head of 400 ft. to generate 
electric power to be transmitted to the dredge. From this point 
the water will have a head of 600 ft, to be used in the hydraulic 
elevator. In addition to these enterprises, there are several 
proposed dredge-installations on somewhat similar areas in this 
State, concerning which definite information is not available at 
present Fig. 4 is a view of a 8.5-ft. Risdon dredge operating 
in the American river. 

The suction-dredge has never been favorably considered in 
gold-dredging, except by the inventors and builders. It is 
claimed by those interested that one is in successful operation 
in Shasta county, and another in Siskiyou county, though other 
information is to the effect that these boats were not a financial 
success and are no longer operating. 

A method closely allied to dredging, which may be termed! 
a hybrid of dredge and hydraulic mining, is attracting much 
attention in California. This is the plant of the Tarr Mining Co. 
at Smartsville, which was built to operate the old Blue Gravel by- 
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draulic mine. Fig. 5 is a view of the plant. This mine was a 
producer in early days, but was shut down by the Debris Com- 
mission. This company believes that it will be able to operate in 
compliance with the present law. From an engineering stand- 
point, the proposal has some interesting features. Briefly, it 
consists of hydraulicking the gravel-bank to a sump in front of a 
stationary dredge-building of concrete and sheet-iron, where 
a regular steel-girder dredge-ladder, equipped with fifty-two 
7-cu. ft. buckets elevates the gravel to a trommel 45 by 6 ft. 
with 0.5-in. holes. From the screen the undersize flows to gold- 
saving tables with Hungarian riffles having an approximate 
area of 4,600 sq. ft. The oversize passes to a belt-conveyor 
570 ft. long, built in two sections, each section being driven by 
a 50-h-p. motor. A 100-h-p. motor is used on the digging-ladder, 
and a 30-h-p. motor on the revolving-screen. At the end of the 
belt-conveyor stacker two Bleichert tramways are being con- 
structed. These will afibrd a much larger dumping-ground 
for the tailings. 

The fine material, after passing over the gold-saving tables, 
flows through a bed-rock tunnel about 0.5 mile long and is 
elevated to a concentrating-plant equipped with tables of the 
Overstrom type. The material first passes through revolving- 
screens, the oversize being carried outside the concentrator, and 
the undersize to the tables. It is the idea of the management 
that this plant will save black sand, which is claimed to be valu- 
able, and any gold and platinum that escapes the first tables. 

The concentrator stands several hundred feet from the Yuba 
river, and a concrete dam will be constructed to afford a set- 
tling-basin for the tailings. This experiment will be watched 
with interest. Its success will undoubtedly mean that other 
properties formerly worked as hydraulic mines, which have been 
shut down by the Debris Commission, will be operated on 
somewhat similar lines. The equipment of such a property is 
no small matter. The operating-cost as yet is purely specula- 
tive. The management of the Tarr company does not believe 
that the cost of operating the plant will exceed 8 cents per cubic 
yard. 

On Bonanza creek, in the Yukon, a portable bucket-elevator 
arranged to elevate gold-bearing gravel to a system of portable 
sluices, the position of which can be changed when necessary 
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to obtain a new dump, has been in more or less successful oper- 
ation by the Yukon Gold Co. for a number of years, but only 
one attempt, so far as is known, has been made to adjust this 
method to California gravels. The mode of operation is as fol- 
lows ; A sump approximately 20 ft. square, with a depth of 
from 14 to 16 ft. below bed-rock, is excavated to receive the 
lower end of the elevator. A channel or bed-rock sluice empty- 
ing into the sump, with a grade of 5 in. in 12 ft., is excavated 
in the bed-rock and provided with riffles. The gravel-bank 
to be treated is hydraulicked with two 8-in. giants, and a third 
giant sluices the gravel to the sump, from which the buckets 
elevate it to a riffled sluice about 25 ft. high. The elevator- 
ladder is equipped with buckets of 3 cu. ft. capacity, close-con- 
nected, and driven by a 50-h-p. motor. The water used in the 
upper sluice is pumped from the sump by one 12-in. centrifugal 
pump belted to a 100-h-p. motor, and one 8-in. pump driven by 
a 50-h-p. motor. A derrick with a long boom is placed in a 
position convenient for handling any large boulders. Records 
of operating-cost have not been made public by the Yukon 
Gold Oo., and it is understood that the use of these machines 
will be discontinued or considerable changes made in the method 
of operating them. 

A somewhat similar machine was operated a few months 
during 1910 at Poker Bar, Trinity county. This was installed 
by R. E. Whitcomb, at a cost of approximately |1 5,000. The 
motive-power was steam, wood being used as fuel. The expenses 
of operation were great, but no accurate data are obtainable at 
present. It is said that the operation of the machinery thor- 
oughly demonstrated the value of the gravel-area, and it is 
reported that a dredge will be installed this year. The manage- 
ment contemplates moving a Marion dipper-dredge, formerly 
suecessfiilly operated at Oroville, and which had turned over 
the holdings of the original company. It is estimated that this 
dredge can be put in operation at a cost of $16,000. At the 
present time there are 62 bucket-elevator dredges operating in 
California, and five under construction. Of the six dredges 
put in commission in 1911, four have been built by the Yuba 
Construction Co. and are equipped with Bucyrus machinery 
and 15-cu. ft. buckets, one was built by the TTnion Iron Works 
and equipped with 8.5-cu. ft. buckets, and one by the Risdon 
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Iron Works with 4-eu. ft backets. One of those under con- 
struction has buckets of 15 cu. ft capacity, one 7.6-, one 7-, 
one 5-, and one 4-cu. fc. buckets. 

It is interesting to note that of the 62 dredges, which are 
operated by 28 companies, 30 are operated by three companies 
controlled by W. P. Hammon and associates, distributed among 
three counties, as follows: Butte county, 8; Yuba county, 13; 
Sacramento county, 9. It may here be mentioned that the 
great progress and improvement is due in a great measure to 
the enterprise and successful operations of Mr. Hammon and 
his associates. Couch dredge No. 1, the first successful bucket- 
elevator dredge put in commission in the State, was financed 
by Mr. Hammon and the late Thomas Couch, and it seems 
eminently fitting that Mr. Hammon should be the leading gold- 
dredging operator in California, and in control of the largest 
dredging companies in America. 

What seems to be a record in dredge-construction and 
worthy of mention is the building of the dredge for the Julian 
Gold Mining & Dredging Co. on Osbourn creek, near Nome, 
Alaska. This dredge was constructed by the Union Construc- 
tion Co., of San Francisco. The dredge was shipped from San 
Francisco on June 1, arriving at Nome June 13. On June 17 
the company commenced hauling material, and on July 22 the 
dredge was completed and operations started. The dredge-hull 
is 30 by 60 by 6.5 ft. It is equipped with-34 open-connected 2.75- 
cu. ft. buckets, and is designed to dig 14 ft. below water-level. 
Power is furnished by gasoline-engines as follows: one 50-h-p. 
for digging-ladder, winches, and screen ; one 30-h-p. for pump ; 
one 7-h-p. for lighting apparatus ; a total of 87 h-p. Distillate 
costs at Nome 21 cents per gallon. Operating-expenses at 
present range from $110 to $125 per day, and the capacity of 
the dredge is from 1,000 to 1,800 eu. yd. per day, indicating an 
operating-cost of from 10 to 11 cents per cubic yard, exclusive of 
repairs. The cost of the dredge complete and in operation was 
$45,000. The Union Construction Co. also built a similar 
dredge for dredging tin, near Cape York, this latter being the 
first tin-dredging operation to be carried on in America. Its 
future will be watched with interest and may be followed by 
further installations. 

With the development of the gold-dredge to its present effi- 
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ciency, the question is often, raised as to when the limit in size 
for economic dredge-installation will be reached. Much de- 
pends upon the conditions met in operation. There is no 
question as to the mechanical possibility of larger buckets. In 
Boston harbor a bucket-elevator dredge equipped with buckets 
of 2 cu. yd. capacity has been successfully operating for some 
years on harbor-work, and on the Danube river in Q-ermany a 
bucket-elevator dredge having 2.5-cu. yd. buckets is now in 
operation. Fig. 6 is a view of a harbor-dredge equipped with 
2-yd. buckets, and a 5-ft. and a 54-ft. bucket are shown in 
Fig. 7. While the mechanical possibilities have thus been 
proved, to apply such radical changes in size to the gold-dredge 
of to-day would necessitate an entirely difierent arrangement 
of the gold-saving tables and would probably result in a general 
modification of the whole gravel-washing apparatus now in 
use. Even the most optimistic advocates for increasing the 
size of the dredge-buckets would hesitate at recommending a 
2-cu. yd. bucket, which is nearly four times the present size of 
the buckets on the largest gold-dredges in operation, but there 
are a number of engineers who believe that the bucket-elevator 
dredge with buckets having a capacity of 1 cu. yd. will be con- 
structed before long. While a dredge of this character would 
necessarily be equipped with heavier machinery and a larger 
hull than those on the present 15-cu. ft. boats, it is, as before 
stated, quite possible that, with modifications of the washing- 
apparatus, the hull of the 1-cu. yd. dredge may not be propor- 
tionately larger. The present 15-cu. ft. boats have a hull 60 by 
150 by 12.6 ft., with a deck overhang of 5 ft. on either side, 
making a total width of 70 ft. The gold-saving tables are of 
the double-bank type and have an approximate area of 7,000 to 
8,000 sq. ft. Without some change in the washing-apparatus, 
it can readily be seen that 14,000 sq. ft. of table-area would 
either necessitate a hull of greatly increased size, or additional 
tiers of tables, for which an increased length of bucket-ladder 
would be required to elevate the gravel to the additional height, 
or a general change in the design of the boat. Practice has 
demonstrated that when digging free-washing gravel the table- 
area of the 15-ft. boats is considerably in excess of all require- 
ments, and some operators contend that it would not be neces- 
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sary to increase the table-area proportionally when buckets of 
1 cu. yd. capacity are constructed. 

There may be a field for dredges of this size, for instance, in 
the Oroville and Polsom fields, to re-dredge the tailings-piles 
left from the first dredging-operations. After many of the 
cobbles have been removed for the rock-crushing plants, the 
ground, if dredged, will, in many cases, yield a fair return. 
Especially would this be the case in the areas where the early 
dredges worked, as the gold-saving apparatus of the first suc- 
cessful dredges was not as efidcient as that in present use. 

In addition to the gold recovered from the gravel, the re- 
clamation of the land for agricultural purposes might be a 
considerable factor in estimating the total profit to be won from 
the installation of a mammoth dredge for this class of work. 
The first dredges, in turning over the ground, necessarily de- 
posit the top soil on the bottom, and the gravel and boulders from 
the tailings-stacker on top of this. After much of the coarser 
gravel is removed for rock-crushing operations, with some such 
arrangement as that which is being tried out in Jfew Zealand in 
re-soiling experiments, this soil now below the gravel could, in 
re-dredging, to a great extent be deposited on the top of the 
coarser material. In reclaiming the dredged land it is, no 
doubt, a matter worthy of consideration. In this connection it 
is interesting to note the successful experiments of the ISTatomas 
Consolidated and others in planting eucalyptus trees on dredged 
land after the larger gravel- has been removed, no re-soiling 
being necessary. Any estimate of the operating-cost of a dredge 
of this character is, of course, pure speculation, but there seems 
-every reason to expect that, under favorable conditions, or in 
re-dredging some of these previously-dredged areas, a very low 
operating-cost would he obtained. 

The operating-cost of dredging is always a matter of interest, 
but working-costs cannot be fairly used in comparison unless 
uniform methods of determining them are employed, and also 
unless operating-conditions are somewhat similar. As in other 
branches of the mining industry, it may also be said that the 
apparent operating-cost is in a great measure a matter of book- 
keeping. As the time available for preparing this article was 
limited, it has been found impossible to prepare new data on 
working-costs of 'dredges in California, so I have utilized a table 
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prepared last year by me (Table IIL).^ Under similar conditions^ 
the operating-costs are practically the same. The new boats 
have not been working long enough to make any figures of 
operating-cost of much value, but it is understood that they 
will under the same conditions appreciably lower the costs ob- 
tained by the 13.5-ft. boat. 

It is interesting to note the following average operating-cost 
per cubic yard of the large companies working in California 
during 1910. The Yuba Construction Co., for the year ended 
Feb. 28, 1911, handled 13,970,728 cu. yd. at a total cost of 
6.67 cents per cubic yard. The Natomas Consolidated handled, 
for the year ended Dec. 31, 1910, a total of 15,989,525 cu. yd. 
at a total cost of 4.52 cents per cubic yard, and during the six 
months ended June 30, 1911, a total of 10,793,891 cu. yd. at a 
total operating-cost of 3.78 cents per cubic yard. This company 
has put in commission during this year three dredges with 
buckets having a capacity of 15 cu. ft., one being in the Feather 
Eiver division at Thermalito, and two in the Folsom division on 
Rebel hill. These two boats are now satisfactorily handling^ 
ground that for a long time was considered too difldcult for 
economical dredging. The gravel is deeper and more compact 
than any other in the district, and dredge ITo. 8 is handling- 
ground containing much stiff clay. The Oroville Dredgings 
Ltd., for the year ended July 31, 1910, handled 5,661,612 cu. 
yd. at a total cost of 5.06 cents per cubic yard. 


^ Mining and Scientific Prm, vol. ci., No. 5, p. 151 (July 30, 1910), 
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Remarks 

Difficult digging <t 

Working undei favorable conditions. 

Compact giavel land vsubject to overflow. 

Remodeled dredge, uneven bed-rock, in places shallow 

Difficult ground, in places cemented gravel. 

Difficult ground. 

Difficult digging. 

Difficult digging 

Medium giavel with considerable clay, much biusli on top soil 
Loose gravel, heavy overburden of sandy loam. 

Loose gravel, heavy overburden of sandy loam 

Difficult digging, working against 20-ft bank 

Difficult digging, gravel coaise, partly cemented a 

Compact gravel 

Compact giavel, heavy digging 

Compact gravel, heavy digging 

Compact gravel. 

Compact gravel. 

Medium compact bench gravel. 

Medium compact gravel with heavy over-bui den. 

Medium gravel overlain with hydiaulic tailings. 

Medium gravel overlain with hydraulic tailings. 

Light gravel, diedge working against 10- ft bank. 

Cemented gravel, difficult digging, 20-ft bank above watei-level. 
Fine gravel, easy digging. 
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Electrolytic Refining at the U. S. Mint, San Francisco, Cal. 

BY EDWARD B. DURHAM, B. M., BERKELEY, CAL. 

(San Francisco Meeting, October, Wll.) 

The refinery at the San Francisco Mint takes the bullion 
purchased by the receiving department, and carrying more 
than 200 parts of precious metals in 1,000, or, in mint parlance, 
over 200 fine, and separates and refines the various metals con- 
tained therein, using electrolytic processes exclusively. 

Bullion containing silver is treated in cells charged with a 
nitric electrolyte. These cells produce fine silver and leave a 
residue rich in gold. 

The residue from the silver-cells, together with crude gold- 
bullion, is treated in cells having a chloride electrolyte. These 
produce fine gold and leave a residue containing silver chloride. 
The latter is reduced to the metallic state with zinc and is 
then treated in the silver-cells. 

The various waste solutions and the wash-waters, after being 
freed from the bulk of their precious metals, still contain 
copper and other metals. These are removed by scrap-iron, 
and are then treated in the copper-cells, having a sulphate 
•electrolyte. These cells produce pure copper, and collect a resi- 
due containing lead, some gold and silver, and all the metals 
of the platinum group that were in the bullion. This residue 
is relatively small, and is melted into bars and stored until 
sufficient accumulates to warrant treating it for platinum, etc. 

The refinery occupies three large and three small rooms. 
The large ones are, a melting-room, 80 by 84 ft . ; a cell-room, 89 
by 46 ft. ; and a wash-room, 30 by 33 ft. The small rooms are 
used as foreman’s office, laboratory, and generator-room, re- 
spectively. 

The methods here described are those in use in December, 
1909, when notes for the present paper were taken. 
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L Silver-Refining. 

An outline of the system is shown by the diagram, Fig. 1, 
which gives the order of events and the interdependence of the 
various operations in a brief form. 

1. The Apparatus, 

A, The Anodes are made up of crude silver- bullion, together 
with gold-bullion that is too low in gold to be easily made up 




Fto 2 . -Melting-Furnace. 


into gold anodes. The endeavor is to make a mixture, such that 
the anodes will run about 600 thousandths in silver, 300 thou- 
■sandths in gold, and the remaining 100 thousandths in base 
metals. The metal is melted in ISTo. 100 graphite crucibles, in 
Rockwell melting-furnaces of the “ open-top mint type/’ heated 
with crude oil. A drawing of these furnaces is given in Fig. 2. 
The furnaces are used for melting both the crude metals for 
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the anodes, and the fine gold- and silver-products of the re- 
finery that are to be cast into bars. Fig. 8 is a view of the 
melting-room. In the background are the furnaces; in the 
foreground, to the left, is a truck-load of anodes ; in the center 
a truck loaded with gold bars (dark), and behind it a truck 
loaded with silver bars (white). 

The anodes are cast in open cast-iron molds, and are of the 
dimensions given in Fig. 4. They are suspended from the 
conductors by C'shaped hooks of gold, which pass through the 
hole at the top of the anodes and over bars which form the 
conductors for the current. The anodes are immersed for their 
full depth in the electrolyte. 



Pig. 4. — DiMENSioifS ov Ajtode fob both the Silvbb- anb 
THE GoU)-CELLS. 

B. The Cathodes are made of sheets of silver, 1000 fine, 0.051 
in. thick (l^o. 16 B. & S. gauge) and 4 in. wide. They are 
immersed for 8.5 in. in the electrolyte, and are bent over at 
the top so as to hang from the conductors. 

The crystallized silver that collects on the cathodes is loose 
and is removed daily. To facilitate this stripping, the cathode 
sheets are treated with a “ dope,” consisting of silver nitrate, 
copper nitrate, and hydrochloric acid, all mixed together, and 
painted on with a rag. The sheets are then dried in the dry- 
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room. One dose of this dope lasts two or three months ; then 
the deposits begin to stick, and the plates are re-treated. 

C. The Electrolyte consists of water with 3 per cent, of silver, 
as silver nitrate, from 1.5 to 2.5 of free nitric acid, and a little 
glue. The latter is dissolved and poured in as a thick liquid. 
The effect of the glue is to toughen the deposit of silver on 
the cathode. 

The electrolyte dissolves and retains the copper and other 
soluble base metals. These do no harm until the solution be- 
comes so strong that the purity of the silver deposited on the 
cathodes is affected, when it has to be changed. 



Fig. 5. — Silver-Cell, of Browh Earthenware, used for both the 
Horizontal and the Vertical Processes. 


Z). The Cells are of brown earthenware and their dimensions 
are shown in Fig. 5. Experience has shown that they are too 
shallow for advantageous work. There is only a small space 
between the bottom of the cell and the lower end of the 
anodes, and the slimes that collect in this space soon cause 
short-circuits which stop the action of the cell. A new set of 
cells, 18 in. deep inside, instead of 12 in., is about to be in- 
stalled. These deeper cells will allow longer cathodes to be 
used, and, since the cores that have to be re-treated will be of 
the same size, there will be a reduction in the percentage of 
metal to be re-treated. 

The cells are placed end to end in a double row on two long 
benches, 12 on one bench and 6 on the other. This allows all 
the cells to be easily inspected and attended to, from one side 
or the other of the benches. These cells are the dark ones on 
the second and third benches in Fig. 6. 
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The anodes and cathodes are hung in alternate rows from 
maple strips, in. apart from center to center, which extend 
across the cells. Along the top of each is laid a gold strips 
bent into the form of an inverted trough. These gold strips 
are connected by screws alternately to the positive and nega- 
tive bus-bars, and form the conductors. There are 19 of these 
across each cell, 10 supporting four cathodes each and 9 support- 
ing four anodes each. The bus-bars are of copper and extend 
along the main wooden frame that covers the top of the entire 
bench of cells. All woodwork and the copper bars are coated 
with biturine solution,’’ an asphaltic paint that comes from 
Australia, to protect them from the action of the acids. 



Fig. 7. — ^Diagram: op Path op Current through the Vertical 
Silver-Cells. 


The solution in the cells is kept in motion by two glass pro- 
pellers in each cell. This prevents the heavier solutions from 
settling to the bottom, and makes the deposition uniform over 
the whole cathode. 

Bach propeller, 2 in. across, is made in one piece with a 
glass rod, which runs up vertically between the electrodes, and 
is driven by a cord running in a grooved pulley at its top. 
The vertical glass rods, as well as the line-shaft, are carried by 
a wooden frame above the cells, as shown in Fig. 6. 

JE. The Ckrrenl is a direct one of 15 volts, and passes through 
the 18 cells in series, as shown in Fig. 7. The amount of 
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current is such as to give a density of 8.3 amperes per square 
foot of cathode-surface. There are 40 cathodes per cell and 
each has a normal immersion of 8.5 in. The end rows of 
cathodes have only one effective surface, so the total cathode- 
surface per cell is : 

(2 X 8 X 4) -f (2 X 4) = 72 surfaces, or = 17 sq. ft. 

The total current required is therefore 17 X 8.3 = 141 amperes. 

Fig. 8 is a view of the generator-room and shows the ma- 
chines and the switch-hoard. The generators are driven 
by current obtained from a public power-line and furnish 
direct current of the required potential for the different opera- 
tions. 

F. Centrifugal Machines are used to separate the moisture 
from the different products of the refining process, and to wash 
them free from soluble matter. There are two of these 
machines. hTo. 1 belongs primarily to the silver process, and 
is used exclusively for silver or products charged with nitric 
compounds. 17o material containing chlorides is ever placed in 
it. Centrifugal hTo. 2 is similar to No 1, but is reserved for 
the gold process and for solutions carrying chlorides. 

The rotors of the centrifugals are of earthenware and pro- 
vided with ducts for the escape of the liquids. When in use, 
the rotor is lined with one thickness of 7-oz. duck, and in this 
bag is placed the material to be treated. A different fi.lter-bag 
is kept for each different kind of material that is washed. 

All the products of the silver process can be dried suffi- 
ciently in the centrifugals, so that they can be transferred to 
the crucibles and melted. 

Fig. 9, a view of the wash-room, shows the centrifugals with, 
their driving motors. 

2. Operation and Products. 

Briefly, the anodes are dissolved ; pure silver collects on the 
cathodes ; copper and other metals forming soluble nitrates go 
into the bath, and gold and other insoluble metals are left as a 
sponge on the anodes. 

As the dissolving action progresses, the anodes are taken out 
at intervals and the sponge of insoluble metals is shaken off 
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into an earthenware jar, by knocking them against its sides. 
■This spongy material is crude or black gold with about 10 per 
cent, of silver and 1 per cent, of base metals. After washing 
in centriftigal machine No. 2, it is melted into anodes for the 

gold process. i -u i i 

When the anodes are eaten down so that they barely hold 

together (which takes about 48 hr ), they are removed, all the 
loose spongy material is knocked off, and the hard cores that 
remain are treated in the horizontal cells, to be described later. 
Few anodes are then hung in their places. 

So long as the electrolyte contains an ample supply of silver, 
•this is deposited in preference to the base metals. 

The electrolyte is tested at intervals to determine its strength 
in silver, and if this test shows that the bath is too low in 
silver, its strength is brought up by adding strong silver nitrate 
solution. 

The test for silver is made by gradually adding a standard- 
ized solution of ammonium thiocyanate, FH^SOF, to a sample 
of the bath, a little ferric sulphate solution having been previ- 
ously added as an indicator. When all the silver has been 
precipitated, the ferric salt gives a red color. This is V olhard’s 
method, and is given in detail by Sutton.^ 

When the bath contains about 8 per cent, of copper it has 
to be changed, since the silver deposited on the cathodes begins 
to be contaminated with the copper. This spent electrolyte is 
treated in the scrap-copper tank to recover the silver, and then 
passes on to the scrap-iron tank, where the other metals con- 
tained in it are caught, as will be described under the head of 
Copper-Refining. 

The pure silver collects in a crystalline condition on the cath- 
odes, which are lifted out daily and cleaned over large porcelain 
jars. At first, the deposit is loose and fern-like, and most of 
it can be removed by knocking the cathodes against the sides 
of the jars. (3-radually a firmer deposit collects that will not 
knock ofiP, and this has to be removed with a scraper, when it 
comes away in sheets and leaves the cathode entirely clean. 

• This pure silver is washed in centrifugal machine No. 1 until 
free from acid and soluble salts, and then is whirled until dry 
enough for melting, when it is made into fine bars. 


^ Yolumeiric Analym^ 7tlx ed., p. 142 (1896). 
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Fig. 1. — Diagram of the Silver Process. 
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Fig. 3. — View of Meetji^g-Boom. 
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Fig. 6, — View of Cell-Room. 
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Fig. 8. — of Generator- Room. 
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Fiej. 9 . — ^Yiew op Wash-Koo.\i. 
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Fig. 14. — End of Cedd-Boom, 
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A second product of this process consists of the slime that 
accumulates in the bottom of the cells. This contains black 
gold that has dropped from the anodes, as they dissolved, and 
also crystalline silver that failed to stick to the cathodes. This 
slime is transferred to the horizontal cells for re-treatment. 

(In some plants, the anodes are incased in cloth bags, and 
the black gold is caught before it can drop to the bottom, and 
is melted for gold anodes, without further treatment.) 

The operation in the horizontal silver-cells is the same in 
principle as in the vertical, but the mechanical details are dif- 
ferent. There are two independent sets of the horizontal 
cells, each having three cells in series. These show at the 
right-hand end of the first and second benches in Fig. 6. The 
anodes consist of the cores of the silver anodes from the vertical 
cells, the slime from the bottom of the vertical silver-cells, and 
the silver reduced from the silver chloride slime from the gold- 
cells. These materials are contained in a wooden basket or tray. 
The current is led into this mass by a candle,’’ made of equal 
parts of gold and silver, the lower end of which is buried in 
the material. The cathodes consist of graphite plates on the 
bottom of the cells. The crystalline metallic silver is deposited 
on these cathodes, and is removed at intervals with a long- 
handled dipper of hard rubber. The electrolyte is the same as 
that of the vertical silver-cells. The current, about 50 amperes, 
passes through the three cells in series. This gives a current- 
density of 14.3 amperes per square foot of cathode surface, and 
requires a potential of 5 volts per cell, or a total of 15 volts. 

The baskets are made of maple, and all the joints are dove- 
tailed, so that there is no metal in their construction. The 
bottoms are made with slats, and the baskets are painted all 
over with biturine solution. They are considerably smaller 
than the cells, so that the deposited silver can be scraped and 
gathered from the cathodes through the space between a 
basket and the side of its cell. 

The material to be treated is retained on five layers of 7-oz. 
duck placed in each basket, ‘and the edges are brought up on 
all sides above the top of the basket. This cloth shows as a 
white frill around the tops of these cells in Figs. 6 and 14. 
The baskets are suspended in the electrolyte by cleats resting 
on the tops of the cells. 

VOL. XLII. — 51 
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The material left in the basket, after all the silver has been 
dissolved, is crude or black gold, and is transferred to cen- 
trifugal machine No. 1 and washed. It is then dried in the 
dry-room, melted, and used with other metal to make gold 
anodes for the gold process. 

The spent electrolyte from both the vertical and the hori- 
zontal cells contains silver nitrate and the soluble nitrates of 
the base metals that were in the original bullion. These solu- 
tions and the nitric wash-waters from the centrifugal machine 
are passed over scrap-copper suspended in wooden tanks, which 
precipitates the silver and leaves the base nitrates in solution. 
These tanks are in the wash-room, as shown in Pig. 9. 

The precipitated silver is washed and dried in centritugal 
machine No. 1, and then is melted and east into bars. These 
are added to melts of low-grade gold and made into silver 
anodes for the vertical silver-cells. At times, this precipitated 
silver has been dissolved in nitric acid to make silver nitrate 
for the electrolyte, but it is often impure, and a better electro- 
lyte is obtained by dissolving pure silver ; hence the practice is 
not common. 

The solution containing the base nitrates is treated as de- 
scribed under the head of Copper-Eefining. 

II. Gold-Rbfihino. 

The process-tree, Fig. 10, gives an outline of the process of 
gold-refining, and shows the sequence of events in a graphic 
form. 

1. The Apparatus. 

A. The Anodes, of the same size as the silver ones shown in 
Fig. 4, are made from high grade gold-bullion and crude gold- 
produets from both the gold and the silver refining processes.. 
They carry about 90 per cent, of gold, and it is desirable that 
the silver-content be limited to about 7 per cent., since a 
greater amount interferes with the operations. Copper is less 
objectionable than silver. The metal for the anodes is melted 
in the furnaces shown in Figs. 2 and 3. The anodes, hung by 
C-shaped hooks of pore gold from the conductors running 
across the top of the cells, are immersed 7.5 in. in the electro- 
lyte. 
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Rg. 10.— Diagram or the Goid Process. 




















890 


ELECTROLTIIC RBFININO AT THE U. S. MINT. 


B. The Cathodes, strips of pure gold 4 in. wide by 0.012 in. 
thick (No. 28 B. & S. gauge), weigh about 4.5 oz. They are 
bent over at the top, so that they can be hooked over the con- 
ductors crossing the top of the cells. They are immersed to a 
depth of 6 in., and are allowed to remain in the cells until they 
weigh about 160 oz., when they are removed and used as the 
anodes for the second set of cells. By this re-deposition the 
fineness of the final product is raised to about 999.7. 

The gold is deposited on the cathodes so tightly that strip- 
ping is impracticable, and when the final cathodes have been 
formed, the deposit with its original cathode sheet is all melted 
down together. Hence, the original strips have to be made of 
pure gold in order to maintain the quality of the product. 

G. The Electrolyte is a trichloride solution, carrying in the 
first set of cells 70 g. of gold per liter, and from 10 to 12 per 
cent, of free hydrochloric acid, and in the second set, only 
60 g. of gold per liter, but with the same amount of acid. 

During the operation, the electrolyte decomposes and drops 
particles of metallic gold, which collect in the slimes. This lowers 
the strength of the solution in gold, and when it gets below 4 
per cent, of gold, the deposit on the cathode is soft and tends 
to crumble. To prevent this, the bath is tested daily to deter- 
mine its strength in gold, and if found to be low, is restored to 
the desired standard by the addition of strong solution. 

The test of the electrolyte for gold is made with ferrous 
ammonium sulphate. A solution of this salt is made up of 
such strength that 1 cc. of it will precipitate 27.5 g. of gold. 
Then, to a liter of electrolyte is added 3.5 cc. of Be (HH^j 
solution, which is capable of precipitating 96.25 g. of gold — 
more than the bath is likely to contain. The excess of the 
ferrous salt is then determined by titrating with potassium 
permanganate, using a solution such that 1 cc. of EjMn^Og will 
oxidize 1 cc. of Fe (N'HJ2(S0J2. On dropping the permanga- 
nate into the solution, its purple color is destroyed as long as 
any of the ferrous salt remains, but when the latter is com- 
pletely oxidized, an additional drop will retain its color, indi- 
cating the end of the reaction. 

After a week, the electrolyte becomes spent and takes on a 
dirty dark-green color, due to the accumulation of copper-salts 
in the solution. When it reaches this condition, the gold- 



ELECTROLYTIC REFINING AT THE U. S. MINT. 


891 


deposit on the cathodes is soft, and the electrolyte has to be 
changed. 

The gold chloride for the electrolyte is made by dissolving 
gold-bullion in hydrochloric acid by the aid of an electric cur- 
rent. Anodes of gold 990 fine are hung in strong hydrochloric 
acid, in five cells slightly larger than those used for the gold- 
refining process, and the cathodes, also of gold, are hung in 
porous cups filled with strong hydrochloric acid. On passing 
a current of 500 amperes at 25 volts through the cells, the 
anodes are dissolved, giving a solution of gold trichloride in 
the cells ; bat, owing to the porous cups, there is no gold de- 
posited on the cathodes. Since hydrochloric acid fumes are 
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Pig. 11.— Gold-Cell, of White Eoyal Beelin Porcelain. 

liberated in the process, it is performed under a glass-inclosed 
hood connected to a flue, shown in the right background in 
Fig. 6. The gold chloride solution obtained from these cells 
has a strength of from 375 to 500 g. of gold per liter. 

D. The Cells are of white royal Berlin porcelain, and have 
the dimensions shown in Fig. 11. The electrolyte, like that in 
the silver-cells, already described, is kept in motion by one glass 
propeller in the center of each cell, revolved by a vertical glass 
rod. 

The cells are placed in two rows, of 14 each, on a long 
bench. Those on one side form the first set, and those on the 
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Other the second set, for re-treating the cathodes formed in the 
first. 

The space between adjacent cells is covered with a porcelain 
strip about 1 by 8 in. in cross-section, clamped to the rim of 
the cells, and having a series of notches to receive the por- 
celain bars which support the conductors across the tops of 
the cells from which the electrodes are hung. 

There are three rows of anodes and four rows of cathodes in 
each cell. The rows of anodes alternate with the rows of cath- 
odes, and are 2| in. from center to center. There are two 
cathodes on each row, making eight cathodes per cell, and there 
are three anodes on. each of two rows, but only two on. the 
center row, making eight anodes per cell. The center anode is 
omitted to give room for the circulating propeller. The drive 
for the propellers is similar to that for the silver-cells. The 
arrangement of these parts is shown in Fig. 6, where the gold- 
cells (white) occupy the left foreground. 

To the copper bus-bars, which are bolted to the top of the 
porcelain strips between the cells, are screwed the ends of the 
conductors that extend across the cells. These conductors are 
gold strips bent into an inverted trough shape, and fit the top 
of the porcelain cross-bars. The electrodes hang from these 
conductors. 

JE. The Current, a direct one of 16 volts potential, passes 
through the 14r cells of each set in series, as shown in Fig. 12, 
requiring nearly 1 volt per cell. The total amount of current is 
180 amperes. There are eight cathodes in each cell in parallel, 
each having an immersed area of 4 x 6 in. = 24 sq. in. Four 
of the cathodes have both sides available for the reception of 
deposits and four have only one side available, thus making 12 
cathode-surfaces of 24 sq. in. each, or a total of 2 sq. ft. The 
current being 180 amperes, the current-density is 90 amperes 
per square foot of cathode-surface. 

JF. Centrifuged Machine No. 2 is identical with No. 1, de- 
scribed under the silver process ; but this one is used exclu- 
sively for gold-products and material charged with chloride 
waters, which would precipitate silver chloride if -it came in 
contact with solutions of silver-salts. A different filter-bag is 
used for each kind of material. This machine is located in 
the wash-room (Fig. 9). 




Fig. 12. — Diagram of Path of Current through the Gold-Cells. 
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G. The Drying-Boom is of brick, bas an iron door, is beated 
with steam and is built into one corner of the cell-room. It is 
about 5 by 6 ft. It shows in the central background of Fig. 6. 
It is used to dry fine gold cathodes, and other gold-products, 
before charging them into the melting-pots. 

H. Vats and Tubs . — The vats used for the precipitation of 
the gold from the spent electrolyte are made of brown earthen- 
ware and stand on platform-trucks, for convenience in moving 
them about. They are 2 by 4 ft. in area, and 2 ft. deep. 

The tub used for the reduction of the silver chloride to 
metallic silver, by means of zinc and sulphuric acid, is made of 
wood, and lined with lead. It is 2 by 4 ft., and 2 ft. deep, and 
mounted on a truck, similar to the earthenware ones. 


2. Operations and Products. 

Briefly, the anodes are dissolved in the electrolyte, and re- 
fined gold is deposited on the cathodes. All the metals in the 
anodes, including those of the platinum group, go into solution, 
except the silver and some lead. The last two form chlorides 
and drop to the bottom of the cells as the anodes dissolve. 
About 10 per cent, of the anodes is left as un dissolved tops, 
and has to be remelted. 

It is desirable that the anodes should not carry more than 
about 7 per cent, of silver. When more than this amount is 
present, the coating of silver chloride that forms on the anodes 
is thick enough to retard the dissolving action. 'When the 
anodes contain less than about 7 per cent, of silver, they can 
be treated in a single set of cells, and the gold-deposit on the 
cathodes will be considerably over 999 fine. But when more 
than 7 per cent, is present, so much silver chloride is formed 
at the anodes that, in dropping oft, some of it is caught by the 
circulating currents, and carried mechanically to the cathodes, 
where it clings to the rough surface of the gold-deposit and 
lowers its fineness to less than 999. When handling such 
anodes high in silver, it has been found advisable to deposit 
the gold on the cathodes of one set of cells, and then transfer 
these cathodes, after washing them, to a second set of cells, 
where they are used as anodes and the gold is redeposited 
almost pure. 
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The gold anodes are made exclusively from the gold 
from the silver-cells, which assays about 875 thousandths 
gold, from 100 to 125 thousandths silver, and a small amount 
of base metals. This gives, in the first cells, cathodes about 
998.7 fine, which, on being re-treated in the second set of cells, 
produce gold about 999.7 fine. It has generally been con- 
sidered necessary to boil the crude gold from the silver-cells 
with concentrated sulphuric acid before casting it into anodes 
for the gold-cells, in order to reduce the silver to less that 7 
per cent. The desire to do away with this acid treatment, and 
still produce a high grade of gold-deposit, led to the experi- 
ment of redepositing the first gold cathodes. 

The same amount of current at the same voltage is used 
in both sets of cells. The electrolyte in the first set carries 
70 g., that of the second set 60 g. of gold per liter. With 
the exception of this difference in the strength of the electro- 
lyte, the operation in both sets of cells is identical. 

The gold cathodes from the second set of cells are carefully 
washed in a porcelain filter, dried in the dry-room, melted and 
cast into fine bars about 1,000 oz. in weight, which may be 
sold as “mint bars,^’ or alloyed with copper and made into 
coins. 

The copper in the anodes goes into solution in the electro- 
lyte ; and as long as the proper amount of gold is maintained 
in the solution, it does no harm until the amount reaches about 
4 per cent., when the gold begins to deposit soft and fall from 
the cathode. Then the electrolyte has to be changed. 

The metals of the platinum group also dissolve in the elec- 
trolyte ; and while they occur in such small quantities in the 
bullion that they can hardly be detected, the quantity accumu- 
lated in the solution by the dissolving of many anodes is quite 
appreciable, and is recovered as described later, under Cop- 
per-Refining, 

The silver in the anodes forms at the anodes insoluble silver 
chloride, a part of which, in the first set of cells, is removed at 
intervals by taking out the anodes and brushing and jarring 
oft’ the silver chloride into an earthenware jar. Most of the 
silver chloride, however, drops to the bottom of the cells. 

The slime in the bottom of the cells also contains metallie 
gold, which comes* from the decomposition of the electrolyte^ 
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■and does not deposit on tlie cathodes. This decomposition ot 
the electrolyte seems to be due to the displacement of its gold 
by the copper dissolved from the anodes. In the first set 
of cells, with anodes containing 10 per cent, of silver, the 
slimes are about 600 thousandths gold and 300 thousandths 
silver, and in the second set, with anodes almost free from 
silver, they are 960 thousandths gold and only 40 thousandths 
silver. 

The slimes from the bottom of the cells, and the silver 
chloride that has been removed from the anodes, are washed 
free from soluble chlorides in centrifugal machine ISTo. 2, using 
hot water in order to carry off the lead chloride, and are 
treated in a lead-lined tub with granulated zinc, which precipi- 
tates the silver in a metallic condition, the zinc becoming 
zinc chloride. The granulated zinc is stirred into the mass of 
silver chloride and a little sulphuric acid is added to start the 
reaction. At first, the wet slime is a gelatinous mass charac- 
teristic of silver chloride, but as the reaction progresses it be- 
comes more and more gritty. The mixture is tested towards 
the end of the process for the presence of silver chloride, and 
when there is no longer any present, suj0S.cient sulphuric acid 
is added to dissolve any zinc that remains. 

The test for silver chloride is made by treating a sample of 
the slime with ammonium hydrate, 'and then adding a few 
drops of hydrochloric acid to the clear solution. If there 
ehould be any silver chloride present, it would be dissolved by 
the ammonia, and would re-precipitate on adding the hydro- 
chloric acid. 

The granular silver with its gold-content, after being washed 
in centrifugal machine No. 2, to remove all soluble salts, is 
transferred to the anode-basket of the horizontal cells of the 
silver process for the recovery of the silver ; and the gold is 
afterwards obtained from the basket-residue. 

The wash-waters from the slimes and from the gold cathodes, 
together with the spent electrolyte from both sets of cells, are 
placed in earthenware vats, and a concentrated solution of 
ferrous sulphate is added to the liquid. This precipitates the 
gold, which is allowed to settle by long standing. The liquor, 
which still contains platinum-, copper-, and iron-salts, is de- 
canted, and sent to the scrap-iron tank for farther treatment 
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as described later under the head of Copper-Refining. The 
gold that remains after decantation is washed and dried in 
centrifugal machine No. 2 , melted with low-grade bullion and 
cast into anodes, in which form it re-enters the process and is 
re-treated. 


III. Copper-Refining. 

This process is used at the San Francisco Mint to work up 
the copper occurring as base metal in the bullion, and to re- 
cover the copper used to precipitate the silver from the various 
wash-waters. It is similar to the commercial process of copper- 
refining; but it is of special interest here, because the metals 
of the platinum group, taken into solution in the previous 
operations, have now accumulated in sufficient quantities to be 
recovered. Fig. 13 gives a diagram of the process. 

The wash-waters and spent electrolyte from all parts of the 
refinery, from which the gold and silver have been recovered, 
are sent to the scrap-iron tank, and there deposit their copper, 
lead, and any precious metals, including those of the platinum 
group, that have escaped from the previous operations. This 
tank is in the wash-room (see Fig. 9). 

The sludge of cement-copper from this tank is washed and 
drained in wooden tubs with filter bottoms, whence it is 
transferred to other filter-tubs and allowed to air-dry, and then 
is melted down and cast into anodes for refining. 

The copper anodes contain lead derived from the silver- 
bullion, metals of the platinum group derived from the gold- 
hullion, and small amounts of gold and silver. They are 5 by 
14 in. by f in. thick, and are immersed 13 in. in the electrolyte. 

The cathodes are started on sheets of lead 8.75 by 15 in., and 
when both sides have been coated with a copper-deposit of 
sufficient strength, the copper is stripped ofi' the lead and re- 
turned to the cells. This does away with the repeated melting 
and rolling of sheet-copper cathodes, similar to those of the 
precious metals used in the gold and silver processes. The 
cathodes are immersed 11 in. in the electrolyte and receive de- 
posits on both sides. When completed, these cathodes are 
washed free of the electrolyte, dried, and added to melts of 
coin-metal, wdthout previous melting into bars. 

The cells are lead-lined wooden boxes, 8 by 1.5 ft. by 1.5 ft. 
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deep. Each cell contains 23 anodes and 24 cathodes, hanging* 
in alternate rows, 2 in. apart from center to center. 

The electrolyte is copper sulphate and contains 8 per cent, of 
copper as sulphate, and from 3 to 4 per cent, of free sulphurio 
acid. The cells are placed in a series of steps, so that the 



Fig. 13. — ^Diagram of the Copper Process 

electrolyte flows through them by gravity. A steam-ejector 
lifts the electrolyte from the sump at the lower end and returna 
it to the head-tank, from which it again flows through the cells- 
These tanks are shown against the wall in Fig. 14. 
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The current used is direct and has a density of 10 amperes 
per square foot of cathode-surface, and a potential of 3.6 volts, 
which is equal to 0.6 volt per cell. 

The gold, silver, and metals of the platinum group are in- 
soluble in the sulphate electrolyte, and drop to the bottom of 
the cells as slimes when the anodes are dissolved. These 
slimes are collected, washed with dilute sulphuric acid, dried, 
and melted into bars. These bars are stored until sufficient 
have accumulated, when they are treated for the separation 
of the various precious metals, especially those of the platinum 
group, that they contain. 

TV. General Remarks on Mint Processes. 

The Treasury Department maintains five refineries for the 
treatment of the gold- and silver-bullion deposited at the various 
mints and assay offices. The original installation in each case 
was the nitric acid process of refining. This was succeeded 
some 30 years ago by the sulphuric acid process, which in 
turn is now being displaced by the electrolytic process. 

The electrolytic process was installed in the Philadelphia Mint 
in 1902, in the Denver Mint in 1906, and in the San Francisco 
Mint in 1908. It will be used in the New York Assay Office 
upon the completion of the new building; and the refinery of 
the New Orleans Mint, where the amount of work is compara- 
tively small, will then be the only government refinery using 
the sulphuric acid process. 

The mints and assay offices accept bullion carrying more 
than 200 thousandths precious metals. The refining-charges 
run from 1 cent an ounce on good silver-bullion, up to 8 
cents an ounce on bullion carrying 800 thousandths base. 
The charges on ordinary gold-bullion average 4 cents per 
ounce. On account of these high charges on very base bullion, 
most of it is sent to private refineries, where the facilities for 
handling this grade of material are better, and the refining- 
charges are consequently less than at the mints. 

In the silver process at the San Francisco Mint, the initial 
treatment of the bullion is in vertical cells. These are a modi- 
fication, devised in the Philadelphia Mint, of the Moebius cells. 
The scraps from the vertical cells are re-treated in the hori- 
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zontal cells, which are a modification of the Thom cells. Both 
types of cells have their advantages and disadvantages. 

For refineries where the silver-bullion is the product of 
cupel-furnaces, and carries less than from 50 to 60 thousandths 
gold, and not more than from 10 to 20 thousandths base metal, 
there is no question as to the superiority of the horizontal 
process. 

In mint-work the ease is different. The bullion carries from 
100 to 160 thousandths base and from 300 to 400 thousandths 
gold ; the base requires an excess of acid to put it in solution, 
and the large amount of gold necessitates current for parting, 
in addition to that needed to dissolve the silver. The presence 
of the excess acid and of the heavy currents tends to destroy the 
filter-cloths quickly. 

The gold process used at all the mints is the invention of Dr. 
Emil "Woblwill, of Hamburg, Germany, and was the outcome 
of experiments to separate platinum from gold. It was intro- 
duced by him into several refineries in Europe, and was first 
installed in this country in the Philadelphia Mint ; but, so far 
as I know, no private refinery in this country is using it. 

The electrolytic process of gold-refining possesses three 
advantages that are important in mint-work. First, it produces 
purer gold than the old processes. The elimination of the last 
trace of silver from the gold removes the brittleness from the 
ingots used for coinage, so that they roll and press much better 
than alloys of the same fineness in gold, but made of slightly im- 
pure gold. Second, the process permits the saving of all the pla^ 
tinum metals without serious inconvenience. Third, the opera- 
tions do not give off, as did former processes, great quantities 
of acid fumes, such as used to cause frequent complaints from 
the people living in the vicinity of the mints, which were all 
located in cities. 

The electrolytic process of gold-refining has three disadvan- 
tages as compared with the sulphuric acid process. First, it is 
more expensive. Second, more care and intelligence are re- 
quired to conduct it. Third, the losses are liable to be greater 
on account of having gold in solution in the electrolyte. 

In mint-work, the advantages more than offset the disadvan- 
tages; but in commercial work, the advantages mentioned are 
of less importance, and the large amount of precious metal in- 
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vested in the process, with the resulting loss of interest, would 
be almost prohibitory of its use. This feature in not so im- 
portant to the government, as the metal so tied up may be con- 
sidered as part of the gold reserve, and is accounted for at the 
time of annual settlements. 

V, References. 

Electrolytic refining of gold, silver, and platinum is treated 
in the following articles : 

D. K. Tuttle, Meetro-Chemieal Industry, vol. i., p. 157 (1903). 

Emil 'Wohlwill, Meetro-Chemieal Industry, vol. ii., pp. 221 
and 261 (1904). 

Robert L. Whitehead, Meetro-Chemieal Industry, vol. vi., pp. 
355 and 408 (1908). 

Melting-operations of various kinds at the San Francisco 
Mint are described by Harold French in The Pacific Miner for 
December, 1909, and for January, 1910. 
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Phosphorus in Coking-Coal. 

BT CHARLES CATLETT, STAUNTON, VA. 

(San Francisco Meeting, October, 1911 ) 

"While the occurrence of phosphorus in coking-coal has 
assumed less importance with the development of the open- 
hearth method of steel-making, it may not he without interest 
to note the form in which phosphorus exists in one particular 
coal-seam. 

In the examination of what is known as the Big seam, 
which outcrops a few miles west of Columbiana, Ala., my atten- 
tion was called to the distribution through the coal, in the form 
of minute veins and particles, of a resinous-looking substance. 
A small amount of this was selected, and was provisionally 
identified as evansite (Alg Pj O 14 . 18 Aq). 

Subsequently, through the courtesy of Dr. J. Sharshall Q-rasty, 
of the Q-eological Department of the Dniversity of Virginia, 
I was able to secure an additional amount of material, which 
was purified down to about 0.3 g. This was examined by Prof. 
John J. Porter, of the University of Cincinnati, and gave the 


following partial analysis : 

° Per CenI 

Loss on ignition 37.43 

Phosphoric anhydride, 10.33 

Alumina, 36.33 


There was also a trace of silica, and quite a considerable 
•quantity of lime and magnesia. 

Professor Porter was led to think that the material was not 
pure, but a mixture of several of the phosphates of aluminum 
carrying lime and magnesia. The material available did not 
permit of the convenient determination of the other ingre- 
dients. 

One form in which phosphorus occurs in coal is evidently as 
a hydrated phosphate of aluminum ; and any coal which shows 
to the eye the occurrence of a light-colored resinous-looking 
material should be looked on with suspicion as being high in 
phosphorus. 
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Sampling Anode-Copper, with Special Reference to 
Silver-Content. 

Discussion of the paper of William Wraith, 2Va?is., xli., 318 to 328. 

Edward Keller, Perth Amboy, K J. (communication to 
the Secretary*) : — Mr. Wraith has done a real service to the 
art of sampling argentiferous copper by his extensive com- 
parison of the two different methods of sampling — shotting 
and drilling — now in use. Experiments on so large a scale 
carry conviction to the business world, and demonstrate how 
great a degree of accuracy has been attained in a procedure on 
which very large financial transactions depend for a basis. 

To Mr. Wraith’s conclusion, that his own method of sam- 
pling the molten and homogeneous furnace-charge, by means 
of batting the running stream of metal at regular intervals, as 
it issues from the furnace, and thus obtaining shots’’ for 
assay, is quite invariable in its results, I can readily subscribe. 
He has tested the drill-method with the regular 99-hole tem- 
plate, used at the refinery ; and also in one variation — that of 
drilling one anode along two diagonals with eight holes in 
each. These tests gave results concordant with those of the 
shotting-method. 

The somewhat restricted limits of these drill-method tests, 
and Mr. Wraith’s remark that a disagreement between the 
smelter and the refinery ” led to his investigation, might seem 
to warrant the inference that there was something wrong in 
the drill-method of the refinery; in other words, that that 
method may be unreliable. Tet the Anaconda anode, which 
is the copper under consideration, is almost an ideal plate for 
drill-sampling. Its upper and lower surfaces are compara- 
tively smooth ; it has no blisters ; it is thin and has large hori- 
zontal dimensions ; and a drill-hole through the entire thick- 
ness in any part of the anode, except a narrow zone along the 
edge, should yield a sample fairly representing the whole.^ 


* Received Jan. 6, 1911. 

1 See my paper, The Distribution of the Precious Metals and Impurities in 
Copper, etc., Trma.j xxvii., 106 to 123 (1897). 
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In order to test this proposition, 99 anodes were drilled in 
four difterent ways : 

1. From the top-surface, in each anode one hole through the 
99-hole template ; the holes being located in continuous order. 

2. From the bottom-surface, in the same manner. 

3. From the bottom-surface, one hole in the center of each 
anode. 

4. From the bottom surface, one hole 1.6 in. from the edge, 
midway between lug-end and bottom-end of the anode, this 
location being chosen as lying in the uncertain edge-zone, and, 
therefore, likely to show the greatest deviation from the aver- 
age silver-content obtained by means of the 99-hole template. 
The assay-results from the four samples are given in Table 1. 

Table I . — Assays of Drill-Samples from Anaconda Anodes, 


Silver. 

Sample from Oz. per Ton. 

Top surface, through template, 80.838 

Bottom surface, through template, . . . .80. 906 

Bottom surface, center, 80.763 

Bottom surface, edge, 81.052 


These figures are the averages of 12 determinations for each 
sample, thus reducing to a minimum the errors of assaying. 
The differences are insignificant, and permit the conclusion 
that, no matter how we drill these anodes, within the confines 
of the template, the resulting samples are always well within 
practical, and permisdble, limits of variation. This conclusion 
has been corroborated by other tests. 

In connection with this discussion of the sampling, a few 
words should be said regarding its relation to the accuracy of 
the subsequent silver-assays. 

The shot-sample has one inherent advantage over the drill- 
sample. It is homogeneous when it represents only one fur- 
nace-charge, which is itself homogeneous after the operations 
of refining; while the drill-sample from a single anode maybe 
quite heterogeneous as to silver-content, since, in drilling 
through its thickness, that content changes from point to 
point, by reason of differentiation during cooling and solidifi- 
cation. This was at one time a serious objection to the drill- 
sample; but it is now overcome by very fine grinding. The 
samples from any of the Eastern copper-refineries pass through 
screens of from 16 to 20 meshes per linear inch. 
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Table II. — Anaconda Anode-Copper, 


Average of Duplicate Silver- Assays ; Ounces per Ton. 


DriUmgs 


Shot 



Assayor. 1 



Sample 

' — 

- 

Differences. 


A. 

B. 



1 

8.5.17 

' 82.87 

0 30 1 


2 

82.92 

S3 77 


0 m 

,] 

84 18 

83 70 

0 42 1 


1 

82.72 

' 82.04 

0 08 1 


■) 

81 42 

; 84 40 


0 04 

t; 

82.57 

, 82.53 

0 01 


7 

80 41 

' 80.80 


0 36 

8 

8.').21 

; 85.39 

' 

0 18 

y 

87 111) 

1 87 31 

0.02 


10 

82 OS 

; 81.96 

0 12 


11 

82.96 

1 83 00 

i 

0 10 

12 

' 82.78 

1 82 75 j 

0 03 


v,\ 

83 10 

i 83.11 ! 

1 

O.Ol 

11 

83 ()-■» 

1 85 09 i 


0 04 

16 

83.43 

83.55 


0.12 

K) 

83 27 

; 83 43 


0.16 

17 

82.. ->7 

82 81 


0 24 

LS 

.S3 7.S 

80.03 

1 

0 25 

ly 

8.5 09 

; 83 46 

I*' 

0 37 

20 

84.88 

85.10 


0.22 

Average, 

, 88 927.3 

' 84 0^ 

1 0.0965 j 


Sample 

Assayer 

Differences. 

A. 

B. 

21 

79 00 

79.01 


0 01 

22 

80 09 

79.92 

0.17 


23 

81 84 

81.79 

0 05 


24 

84.05 

84 33 


0 28 

25 

86.93 

86.82 

0 11 


26 

88 68 

88.80 


0 12 

27 

83.28 

82.84 

0 44 


28 

80 90 

81.16 


0.26 

29 

82.62 

82 25 

0 37 


30 

82.83 

83.10 


0 27 

31 

74.07 

73.75 

0.32 


82 

79 22 

79.18 

0 04 


33 

79 34 

79 28 

0.06 


34 

82 12 

82.09 

0 03 


35 

79 10 

79 41 


0.31 

36 

80 33 

80 47 


0 14 

37 

79 28 

79 45 


0.17 

38 

80.42 

80.27 

0.15 


39 

74.15 

74 39 


0 24 

40 

77 83 

77.81 

0.02 


Average, 

80.804 

80 806 

0.002 



Table II. shows the results of averages of duplicate assays 
(iu this manner they are usually reported) by two men, A and 
B, on two sets of 20 samples each — 20 drill-samples and 20 
shot-samples. The ditferences in both series are very similar, 
indicating that they are due to manipulatory errors in assaying, 
rather than to the heterogeneity of either set of the samples. 
The results demonstrate also that if an accuracy within 0.1 oz. 
of silver be desired for the purpose of comparing sample-con- 
tent and sampling-methods, from 10 to 20 assays per sample 
should bo made; each set of assays to be carried out under 
like conditions in the furnace, etc. 

Long ago, I pointed out the dangers of shot-sampling by 
ladle,* but'^ found them not one-sided. Whether the resulting 
sample will be too high in silver when the copper is permitted 
partly to solidify, depends upon whether the pure copper or 
its impurities, inclusive of silver, freeze first. If the copper 
above its freezing-point be subsaturated, the pure copper will 
freeze first; the impurities will concentrate in the later-freezing 
portions, and the shot-sample will be too high in silver, as well 
as in all the other contained impurities. Nearly all converter- 
coppers belong in this category. If, on the other hand, the 


^ hoc, eit 
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copper above its freezing-point be saturated with the same ele- 
ments, the latter, upon cooling, will freeze first; the later- 
freezing portions will be purer copper, and the shot-sample 
will be too low in silver, etc. In this category are found prac- 
tically all black coppers produced in blast-furnaces ; generally 
speaking, such copper-materials as contain less than 97 per 
cent, of pure metal. 


A Method of Calculating Sinking-Funds, and a Table of 
Values for Ordinary Periods and Rates of Interest. 

Discussion of the paper of John B. Dilworth, Tims,, sli., 533 to 53o. 

John Langton, ITew York, N. Y. (communication to the 
Secretary*): — ^In Mr. Pirmstone^s discussion (Trans., xli., 912) 
the formula he gives for the periodical payment — his equa- 
tion (2) — ^may be simplified in form. The expression given 
by Mr. Firmstone is : 

0 - 'S' (1 -f ry _ 

1, (l+ >-)"-( l+r) 

I H- ^ 


this == 


^(1 + r )” 

r -f- (1 -t-r)" — (1 +r ) 
r 


or = Sr 


' (i + r-y* 

.(l + rf — l 



which is a simpler form to use in calculations. 


(-?) 


"Where S = principal to be extinguished. 

Q — periodical payment or charge for sinking-fund. 
r = rate of interest per period (i. e., interest on $1 
per period). 

n = number of payments or periods. 

Kent’s Mechanical Engineer's Pocket Book, under the head- 
ing AnnuUies, equation Ko. 5, gives: 

“ The annuity which $1 will purchase for any number of 

. T 

years n is 

1 1 

(1 r)" 


* Eeceived July 16, 1911. 
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The periodical payment Q is an annuity for n years (or 
periods) purchased by the sum S. Hence by Kent’s formula : 




a + ry \ 

(1 + ry—lj 


same as (I) 


Having recently had occasion to calculate fixed periodical 
charges for a sinking-fund, on the basis of the legal rule for 
partial payments stated by Mr. Firmstone, I desired to verify 
the formula given by Kent before applying it. I found that it 
could be proved very simply, as follows : 

In any one of the n equal periodical payments, let 
X = that portion of the payment which equals the interest due; 
?/ = that remaining portion of the payment applied to the 
principal. 

Then£i'=i/i + y3H- .... . . (^) 

and Q=x^+y^ = z^ + y^= . =z, + y„ . . • (^) 

Also .Tj = /SV 

X, = (S—y,) r 

x„=,WS'— (^1 + 3 / 2 + .... 

Therefore, substituting in (B) 

Q = 3/j -f- 'Sir . . . . . . . ( (?) 

and Q=:y.^ + (S—yj)r 
and Q = 3/3 + |/S— (3/1 + y^)} r 

and Q = 3 /n | 'S ( 3 f\ "h 2/2 "t" • ■ • ■ d" 2/>i — 1) } ^ 

therefore y^^ + Sr = y^ + { 8 — y^r . . . or, y^ == 3/^ (1 + r) 
and3/3+ (‘S— yi)r = 3/3 + | 'S— (i/i + 2/3) } ^ or, 3/3 = 3/3 (1 4 - r) 
and similarly 3'„ = i (1 + r) 

Whence it appears that (A) is a series in geometrical progres- 
sion with a common ratio =( 14 - r). 


Therefore its sum, 8 =y^ 


C ^_ r )»— 1 
(1 4- r) — i 


St 

whence y, = y 

and, substituting this value of y■^ in (C?) 
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,C|V f . . same as (1) 

~ \(l + ry — lj 

In applying this formula care must he taken to give r its 
correct numerical value. For instance, if the rate of interest 
is 5 per cent, per period, t in the formula is 0.05 and not 5. 


Mine-Survey Notes. 

Discussion of the paper of George "W. Eiter, l^ana., xli., 790 to 796. 

B. E. Rice, Wickenburg, Ariz. (communication to the 
Secretary*): — While this paper is primarily intended as a dis- 
cussion of Mr. Eiter’s, I think it will be best to indicate my 
criticism by describing my own field-methods. It has been 
my experience that, for ordinary work, the regular transit- 
book is to be preferred to the card-system for recording notes. 
This is specially true when computations in the field are re- 
quired, for it is then necessary to have at hand the total lati- 
tudes, departures, and elevations. Moreover, the transit-book 
is easier to carry and manipulate in wet or cramped places, 
and is not as liable to damage as the loose leaf or card. 

I use a regular transit-book in the field, and then copy my 
notes, sketches, etc., in an ofidce-book, entering also the lati- 
tudes, departures, and other reductions. These values are 
then copied into the field-book, securing a duplicate record, in 
case either book should be lost or mislaid. 

In the field-book, the notes are entered on the left-hand, and 
the sketches and remarks on the right-hand page. The next 
two pages are left blank for the latitudes, departures, bearings, 
reduced distances, etc. Of course, the notes for the different 
parts of the mine are entered in the field-book in the order in 
which they are surveyed; but in the oflice-book they are 
entered systematically. 

It has been my experience that the system of keeping notes 
used by a surveyor, is particularly adapted to the needs and 
temperament of the individual. Otherwise, he would not be 


* Received May 24, 1911. 
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using it. Yet we can all generally learn something from each 
other ; and I describe the system of notes which I employ, in 
the hope that some one may find something useful in it. 

Everything we employ in engineering, whether method or 
machine, involves two necessary requisites : it must be accu- 
rate; and it must be practically “fool-proof” We can all 
heartily agree with Mr. Eiter when he says, “ So seldom does 
a surveyor have a chance to check underground surveys by 
making a closure, that he is compelled to rely on the precision 
of each step of his work for the accuracy of the final result.” 

In surveying, there are three sources of error to be guarded 
against, namely : (1) errors in reading the vernier and tape ; 
(2) errors in recording the readings obtained ; and (8) instru- 
mental errors. To guard against the first and second, it is 
necessary to take duplicate readings and measurements on 
both fore- and back-sights, and to throw all of the reading of 
the tape on the transit-man, who, by reason of his superior in- 
telligence and training, is better qualified for this work. The 
third source of error is eliminated by the proper manipulation 
of the mstrument. 

The notes should be in such a form that all the duplicate 
and doubled readings can be recorded without confusion. 
They should also permit the entry of side-notes necessary for 
the making of a correct map. They should be simple and 
easily understood, and should necessitate the recording of as 
few items as possible. Tables 1. and II. give the notes for two 
courses, as taken from my field-book. The notes are identical, 
the difference in them being in the position at which the height 
of the instrument and the height of the point are recorded. Of 
these two forms, I use the second exclusively, since it permits 
all the notes to be put on the left-hand page of the note-book, 
leaving the right-hand page free for remarks and sketches. 
The second set calls for an entry in every space except one. 
The notes here given are for two set-ups of the transit : one at 
station “ D,” and one at station “E.” Stations “ 0,” “D,” and 
“E,” are stations in an incline shaft and station “ 500 ” is the 
first station in the 600-ft. level. The instrument is first set up 
at station “D,” the station occupied by the transit being 
recorded in the Station column. The back-sight is taken on 
the point “ 0,” and the back-sight station is entered in the 
Point column, on the same horizontal line as that occupied by 
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the instrament-station. The fore-sight is taken on the point 
E/’ and the fore-sight station is entered in the Point column, 
on the line below the back-sight station. 

The height of the instrument — L 6., the vertical distance 
from the horizontal axis of th.e instrument to the point under 
or over which the instrument is set — is entered in the Height 
of Instrument column on the same line as the instrument- 
station. The height of point” is the vertical distance, above 
or below the line of sight, of the point sighted. This is 
entered in the Height of Point column, on the same horizontal 
lines as the station to which it refers. In reading horizontal 
angles, I always set the vernier at zero on the back-sight, and 
turn the angle to the fore-sight, reading the plate in azimuth, 
up to 860°. The reading of the vernier on the back-sight 
is recorded in the Plate column, on the same line as the back- 
sight station, and the reading of the vernier on the fore-sight 
is recorded also in the Plate column, on the same line as the 
fore-sight station. The difference between the two readings 
is the difference in azimuth between the fore- and back-sights. 

The plate is always read in azimuth, because the vernier is 
then always read in one direction, and there is no necessity of 
recording whether the angle was read to the right or the left, 
as is the case when deflection-angles are employed. 

After the plate has been read on the fore-sight station, the 
lower motion is undamped, the telescope is plunged, and the 
back-sight is bisected with the cross-wires, by means of the 
lower slow-motion screw. The upper motion is then un- 
damped; the telescope is turned on to the fore-sight; the 
plate is again read; and the reading is recorded just below 
the first reading, and on the same line. If the instrument is 
in perfect adjustment, and both readings have been made and 
recorded correctly, the last reading will be just twice the first. 

This doubling of the horizontal angle, with the telescope in- 
verted, serves three purposes : (1) By taking one-half of the 
last reading as the true value of the angle, the horizontal 
angle can be more closely determined than if the one reading 
w^ere made ; (2) this method shows whether the plate has been 
read, and the reading recorded, correctly; and (3) by taking 
one-half of the last plate-reading as the true angle, all errors 
due to the lack of adjustment of the line of collimation and 
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the horizontal axis are eliminated. The latter consideration 
is ver3" important when the sights are inclined. 

The vertical angles, or the readings of the vertical circle, are 
recorded in the Vertical Circle colamn. The vertical angle of 
the line of sight to the back-sight is recorded on the same 
line as the back-sight station, and that to the fore-sight on the 
same line as the fore-sight station. 

By reading the vertical angles, and measuring the distances, 
of both the fore- and back-sights, and taking the mean of the 
horizontal and vertical distances obtained as the true distances, 
index-errors of the vertical c«rcle, and errors due to the lack of 
adjustment of the bubble attached to the telescope, are elimi- 
nated. I notice that Mr. Riter reads the vernier of his vertical 
circle both direct and reversed, to guard against mistakes in 
reading the vertical circle. 

After recording the vertical angle, I set my vertical circle so 
that the vernier reads 17 min. more or less than the recorded 
reading, and then see if one of the stadiarhairs cuts the point 
sighted at. The distances measured are entered in the Dis- 
tance column, on the same line as the points to which the dis- 
tances are measured. If a distance is measured horizontally, 
then the reading of the vertical circle will he zero. 

In measuring distances, I always measure from the axis of 
the instrument to the point sighted at. The vertical circle 
reading then gives the inclination of the tape from the hori- 
zontal. I always make the chain-man hold the zero of the 
tape at the point sighted, while I read the tape at the axis of 
the instrument. Under this procedure, if any mistakes are 
made, I make them ; and I am not always bothering as to 
whether the chain-man read the tape correctly or not. 

By taking measurements on both the fore- and back-sights, I 
have an absolute check on myself. This is a refinement in ordi- 
nary work ; but where the survej^ is important, it is absolutely 
necessary. It does not take long to make the extra measurement 
and reading, and by so doing, and taking the mean of the re- 
sults obtained from the fore- and back-sight measurements, 
systematic instrumental errors are kept from accumulating. 

The side-notes go on the line below that occupied by the 
fore-sight to which the side-notes refer. If more than one 
point is sighted from the set-up, the other fore-sights go on the 
line below the side-notes of the preceding fore-sight. 
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In the notes here given, the transit is set up under ‘‘ D,” the 
height of instrument being — 4.02 ft, and the back-sight is 
taken on the head of a plumb-bob suspended from “C.'’ The 
height of the back-sight station above the line of sight — /. 
above the head of the plumb-bob — is + 5.19 ft, and the slope- 
distance from the axis of the instrument to the head of the 
plumb-bob is 80.55 ft, and the vertical angle of the line of 
sight is + 30° 46' 30". 

The vernier of the horizontal circle is set at zero on the 
back-sight, as indicated in the Plate column. The horizontal 
angle is turned to and the plate read in azimuth, the 

reading being 179° 58' 30". The fore-sight is taken on the 
head of a plumb-bob suspended from E,’" the height ot‘ which 
is 4- 5.86 ft The vertical angle of the line of sight is — 35° 
22' 0", and the distance from the axis of the instrument to 
the head of the plumb-bob is 109.94 feet. 

The lower motion is then undamped, the telescope is 
plunged, and the plumb-line at the back-sight is again sighted. 
The upper motion is then undamped and the plumb-line at 
station E ’’ is again sighted. The plate is read in azimuth, 
and found to read 359° 57' 0". As this is twice the first 
reading, we are sure that our first angle is correct. The side- 
notes are then recorded. The distances from the instrument 
towards the fore-sight are recorded as whole numbers, and the 
distances from the line of sight to the walls are recorded as 
fractions, the numerator of the fraction being the distance from 
the line of sight to the left wall, and the denominator the <lis- 
tance to the right walk Thus, at the instrument, the distance 
from the instrument to the left wall is 3.6 ft. and to the right 
3.3 ft. At 20 ft from the instrument, it is 3.2 ft. to the left 
wall and 4.1 ft. to the right; and so on. 

If it is necessary for mapping to get the outlines of the floor 
and roof, the same scheme can be used — recording the dis- 
tance from the line of sight to the roof as the numerator, and 
the distance to the floor as denominator. 

A reduction of the above notes will show that from the data 
obtained at station “ D," the horizontal distance between 
and ‘^E’’ is 89.65 ft, while the vertical distance is 62.29 ft. 
From the data obtained at station E,^^ the horizontal distance 
is 89.64 ft. and the vertical 62.3 ft. As these values agree 
with each other, and as one-half the doubled horizontal angle is 
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c(|ual to the single angle at station “ D,” we are sure that our 
work is correct. 

It is a great deal easier to compute the bearing of a line 
from its azimuth than in any other way. When the azimuth 
is known, its bearing can be determined mentally. 

Rule : To find the azimuth of a line, add to the azimuth of 
the preceding line the horizontal angle and 180°. Thus : The 
hearing of the line C-D is 11.45° 2' 30" E.; hence its azimuth 
is 225° 2' 30". Therefore, to find the azimuth of the line 
D-E. we proceed as follows : 

226° 02' 30" 

179° 88' 30" 

180° 00' 00" 

586° 01' 00" 

Less 360° 00' 00" 

225° 01' 00" is the azimuth of the 
line D-E; hence its bearing is IN’. 45° —V -0" E. 

To get the bearing of the line E-500, we would proceed as 
follows : 

225° 01' 0" 

76° 50' 0" 

180° 00' 0" 

481° 51' 0" 

Less 360° 0' 0" 

121° 51' 0" is the azimuth of the 
line K-500; hence its bearing is N. 68° 09' 00" W. 

Eor accurate work, it is essential that the instrument be per- 
fectly level ; and since the ordinary plate-levels are too sluggish, 
and generally not quite in adjustment, I level the transit for im- 
portant work by means of the bubble attached to the telescope, 
after approximately leveling it by means of the plate-levels. 

In computing the vertical and horizontal distances, as well 
as the latitudes and departures, I use a Gurdens traverse- 
table, and check the results by means of a slide-rule. The 
system of notes here given can he used with equal facility for 
either underground- or surface-work. In ordinary surface- 
work, the height of instrument, height of point, and the back- 
sight vertical circle, and D readings, as well as the side-notes, 
can be omitted. 
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Table I . — Record of Field-Notes. 


Station, 

Point 

C 

Height of 
Instru- 
ment, 

Height of 
Point. 

Plate. 

Vertical Circle I). 

D 

— 4.02 

+ 6.19 

0 0 

+ 30° - 46' - 30" so 55 


E 


+ 5.36 

179 - 58 - 30 

359 - 57 - 00 

— 35 - 22 - 00 109.94 

3.3 

3.2 

20 -- 
4.1 

4.0 

40 — 

3.0 

60?:^ 

3.4 

SO -- 10 

3.5 

oM 

3.0 






+ 33 - 53 - 30 107.98 

0 0 18.20 

E 

D 

— 4.08 

+ 6.18 

00 


500 

+ 3.84 

76 - 50 - 00 

163 - 40 - 00 

6 — 
8.0 

6.5 

5.5 

18^" 

2.4 




Table II. — Alternatwe and Preferable Record of the Field- Notes 

Given in Table I. 


Station 

Point. 

Plate 1 

Vertical Circle. 

i>. 

— 4.02 ^ 

+ 5.19 

1 



D 

C 

00 

+ 30-40-30 1 

80,5.') 


+ 6.36 

179 - 58 - 30 1 




E 

359 - 57 - 00 j 

— 35 - 22 - 00 

109.94 

3.3 

3.2 

20 — 

4.1 

4oH 60 

3.0 3.4 

3.5 

80“ 

3.6 

100 

3.0 






— 408 

+ 6.18 


j 


E 

I) 

00 

+ 33 -63-30 

107.98 


+ 3.84 

76-50-00 




500 

163 - 40 - 00 

00 

18.20 

s P 

6 — 

8.0 

7^5 

6.6 

10 -i 18 
6.6 

2.0 

2 . 4 " 
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The Agency of Manganese in the Superficial Alteration 
and Secondary Enrichment of Gold-Deposits 
in the United States. 

Dibcussion of the paper of William II. Emmons, p. 3. 

/ 

UnAiiLEs R. Keyes, Des Moines, la. (communication to the 
Secretary ■*') : — It is not in a spirit of criticism that I ofier a 
supplemental suggestion or two on the subjects covered by this 
valuable and highly instructive memoir. There are two points 
which, in my opinion, should have received greater emphasis 
in Mr. Emmons’s excellent paper. One is the fundamental r61e 
played by the chlorides under certain conditions in ore-forma- 
tion. The other is the possible establishment of geographic 
relationships among the four phenomena of (1) excessive chlo- 
ridic content of mine-waters; (2) the abundance of chloridic 
compounds of the precious metals ; (3) the presence of man- 
ganese oxides ; and (4) the diminishing importance, in ore- 
genesis, of the metallic sulphates. 

Although Mr. Emmons’s notes refer to gold alone, it may be 
pertinently asked whether the same principles do not hold good 
for silver and copper also, since these metals form, together 
with gold, a distinct and well-known chemical group. That 
the reactions involved apply equally well to the other two 
metals mentioned, is shown by a number of recent observations 
and (liscussions. Chloridic ores of silver are, as I have lately 
endeavored to show, mainly worked in arid or desert regions 
only ; and the great deposits of disseminated copper-ores are 
similarly characteristic of such regions, in which both classes 
doubtless owe their formation to the abundance of saline ma- 
terials derivect from desert dusts, and to the plentiful and 
almost universal presence of manganese oxide. Under these 
climatic conditions, silver is somewhat more abundantly de- 
posited than copper and gold, because its chloride is so much 
less soluble. During volcanic emanations, the metallic chlo- 
rides perform at all times distinct functions ; when these are 
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over, the metals pass into other combinations. Thus, in dry 
climates, the genetic r 61 e of the chlorides of the metals is 
strictly analogous to that of the sulphates of the metals under 
conditions of moist climate. 

The possible solution of gold in cold ground-waters has given 
more concern to the scientist than to the miner, because the 
former has had to find adequate proofs of this contention. T et 
a deep-rooted notion has long prevailed, among Western placer- 
miners especially, that, after a time, worked-over gravels renew 
their gold-content, and become pay-ground again. I was long 
ago led to believe that, in many instances at least, the miner 
was right. It may be that throughout arid regions placers are 
often developed not with, but long after, the deposition of the 
gravels. Many of the gold-bearing “ cement-beds,” which are 
old consolidated layers of gravel, or coarse rock-waste, appear 
in many ways to support this view. The famous, long-worked 
placers of the Ortiz mountains, in Santa Fe county, Xew 
Mexico; the Animas Peak placers, of Sierra county, ISTew 
Mexico ; and the recently opened Altar deposits in central So- 
nora, Old Mexico, are to be especially considered in this con- 
nection. One has only to conceive the gravel-bed as a onee- 
porous layer, favorably situated for interstitial ore-deposition, 
in order to recognize all the conditions for the formation of a 
disseminated ore-body. The actual physical conditions are 
identical with those under which the porphyry coppers occur. 
By the adoption of new methods for handling such deposits, 
they might be made, perhaps, as attractive as the disseminated 
coppers now are. 

From the strictly industrial side, the zone of secondary sul- 
phide-enrichment is, of course, very important, because it sup- 
plies to-day, and is likely to supply for a long time to come, the 
bulk of the ores mined. Being now generally rogar<led as 
mainly the result of downward-percolating meteoric waters, it 
gives solid support to certain aspects of ore-genesis, which those 
who are committed to a strictly igueo-gcnetic theory are very 
loath to admit. As I have lately pointed out, the zone of sec- 
ondary sulphide-enrichment, or “ the bonanza-zone,” as I pre- 
fer to call it, is to be regarded not as a mere local phenome- 
non, but as one of world-wide extent. The vadose zone of the 
ores may thus be considered much in the same way as is the 
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rcgolitb, everywlicro underlain bj a sub-zone of bonanza char- 
lU'ter, wliieli in some places is sufficiently well-developed to be 
mined, but in others only feebly represented by ore-materials. 

Too mueli reliance cannot be placed upon either the impor- 
tance or the distinctness of so-called metallo-genetic epochs in 
the earth’s history. Asthe.so are emphasized by Mr. Lindgren, 
they in fact correspond closely to the “ critical periods ” of 
Professor LoConte, and refer chiefly to 1^’orth America only. 
In other parts of the world, as is well known, and as Sir Archi- 
bald Geikie has recently urged, such “ volcanic revolutions ” 
take place in all intermediate epochs. It seems probable that 
ever since pre-Cambrian times the epochs of volcanic activity 
in general have not been more distinctly marked than they 
were during the latest geologic times, or than they are to-day. 
Moreover, in view of the well-established fact that igneo- 
genctic metalliferous deposits do not always, or perhaps not 
even in the majority of cases, accompany volcanic manifesta- 
tions, the questions arise: AVhen do they? And tvhen do they 
not? Generalization from wider observations than we now 
have may show that they are formed mainly, and perhaps only, 
when laccolitio conditions involving the contaet-metamorphism 
of rocks prevail. The attempt to recognize distinct metallo- 
genetic epochs probably obscures rather than illuminates the 
practical problems involved. 

Miners often make important empirical observations which 
are subsequently confirmed by scientific generalizations. The 
genetic association of the precious metals with manganese oxide 
is an illustration. I well remember with what astonishment, 
jipon first becoming acquainted with the arid mining-regions, I 
beheld the unerring promptness with which, from the presence 
of “ wad,” miners inferred the existence of rich ores in dis- 
tricts entirely new to them. I soon found that under this 
homely title the notion very generally prevailed among them 
that the black oxide of manganese was one of the surest indi- 
cators of values. My first test in prospecting along these lines 
yielded me ores carrying 10 per cent, of copper and $36 per 
ton in gold ; and I stood convinced. Since that time I have 
always given the closest attention to even the merest prospects 
in which the presence of manganese oxide was conspicuous. 

VOL. XLII.— 68' 



920 


MANGANESE AND GOLD-ENRICHMENT. 


Although raanganese oxide has been long known as an im- 
portant aid in the solution of gold in the vadose zone, the sub- 
ject appears never to have received the attention it merits. 
Dr. Pearce’s resuits, published in 1893, have been generally 
overlooked, because they appeared in a channel little known to 
mining-men. The published notes of the wide observations of 
Mr. Rickard and of the careful and extensive experiments of 
Dr. Don on the same subject seem also strangely to have 
escaped deserved notice. Of similar import are the somewhat 
later observations of Professor Lehner on lead oxide as pro- 
moting the solution of gold in the presence of salt. The work 
of these investigators, as well as the more recent labors of 
Messrs. Stokes, Brokaw, and Emmons, goes to corroborate 
strongly the empiric rules long ago laid down by the pros- 
pector. 

It seems more than a coincidence that essentially the same 
geographic boundaries should serve for mine-waters containing 
excessive amounts of common salt, for an abundant occurrence 
of chloridic ores, for a great prevalency of manganese oxide in 
the vadose zone, and for a notable deficiency of sulphate com- 
pounds of the metals. I recently ventured to suggest that, in 
the case of the horn-silvers at least, their prevalency as ores 
was due primarily to conditions imposed by desert climate; 
and still more recently I have called attention to the fact that 
all four features mentioned are characteristic of arid regions. 

The mines named by Mr. Emmons, in which manganese 
oxide is abundant, are chiefly located in the deserts of the 
Q-reat Basin. The vast Colorado Plateau of Arizona, the 
California Gulf basin, and the Mexican table-land would fur- 
nish even more convincing evidences of the abundance of this 
mineral and its intimate connection with the precious metals. 
Like relationships appear to prevail throughout the dry regions 
of South America, Australia, South Africa, and western Asia ; 
so that Mr. Emmons’s work has a much wider bearing than he 
has claimed for it. 
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Mine-Caves Under the City of Scranton. 

Discussion of the paper of Eli T Cionner, p. 246. 

Eufus J. Foster, Scranton, Pa. (communication to the Sec- 
retary*): — In answer to one of the inquiries made of Mr. 
Conner, and as a matter of historical record, I beg to say that 
the idea of supporting the strata over worked-out areas in coal- 
mines by flushing the openings full of culm originated and 
was put into actual practice by the late E. 0. Luther, a former 
member of the Institute, at that time Chief Mining Engineer,, 
and later General Manager, of the Philadelphia & Eeading Coal 
& Iron Co. 

In the early 80’s the Philadelphia & Eeading Coal & Iron 
Co. purchased from Messrs. Hecksher & Co. the Kohinoor 
colliery, situated in the western part of the borough of Shenan- 
doah, Pa. On taking possession of the colliery the Philadelphia 
& Eeading Coal & Iron Co. made a complete resurvey of the 
mine-workings, giving an absolutely corl*ect map which showed 
not only the plan of the mine-workings, but also every im- 
provement on the surface over the workings, and the marked 
features of the surface of the ground*. Tidal elevations were 
shown at every survey-station in the mine and on the surface, 
so that, as is the case with all the maps of the company, com 
tour-maps of either the surface or the bottom of any coal-seam,, 
or geological cross-sections, could be constructed directly from 
the information on the mine-maps. 

In a comparatively short time after the company took pos- 
session of the colliery, the workings which extended under the 
western portion of the borough of Shenandoah began to cause 
trouble and damage dwellings and other buildings in that sec-- 
tion of the town. The lots in this section had been sold, in 
many cases, to individuals by the Gilbert & Shaefer Estate, 
owners of the coal-lands on which the colliery was located. In 
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selling these lots, while the mineral right was reserved, there 
was no clause in the deed, such as is inserted in nearly all the 
deeds in the city of Scranton, which released the operators of 
the mine from any damage to the surface or buildings thereon 
caused by mining coal. The Gilbert & Shaefer Estate repur- 
chased all the lots possible, but on many of them substantial 
homes had been erected, and the natural increase in the value 
of the real estate, plus a possible little cupidity on. the part of 
the owners, made it impractical to purchase all of them. 

As the workings approached the Roman Catholic church and 
rectory, which was probably the most expensive property in 
that section of the town, Mr. Luther realized that if there was 
a material disturbance of the surface, not only would the oper- 
ating company be liable for heavy damages on account of the 
intrinsic value of these buildings, but that there was a senti- 
mental or reverential value to the structures that would have 
' to be considered. 

In 1886 he originated the idea of filling the workings with 
culm. With the very complete mine-map available it was an 
easy matter to construct a contour-map of the floor of the 
Mammoth seam, which, by the way, in this place ranged from 
40 to 60 ft. thick normally, and which, owing to a peculiar 
geological formation, doubled back on itself, making a seam of 
from 80 to 120 ft. thick. In addition, several cross-sections were 
constructed showing the thickness and character of the strata 
between the surface and ‘the top of the coal-seam. Bore-holes 
8 in. in diameter were sunk with ordinary churn-drills at 
points so located as to secure the maximum flow of flushed 
culm in the mine. Pumps were installed to pump water from 
a convenient stream to the bore-holes, and scraper-lines were 
put in to convey culm from the large culm-piles to the holes. 
The culm was then flushed into the mine with the water, and 
it packed very solidly. As the chambers filled up occasional 
cross-cuts were driven through pillars into adjoining chambers 
so as to run the flushed culm into them. 

At that time I was connected with the engineering depart- 
ment of the Philadelphia & Reading Coal & Iron Co., and was a 
member of the corps having this work in charge, and on sev- 
eral occasions I was in the mine and on top of the flashed 
culm where it ranged in thickness from 60 to 100 ft. This 
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culm was packed very solidly and compactly by the flushing; 
the water draining oiF and flowing to the sump near the foot of 
the shaft, where, with the ordinary mine-drainage, it was 
pumped to the surface and flowed into a neighboring stream, 
to be used over and over again. 

After the desired area to be protected was filled there were 
large quantities of pillar-coal of superior quality which could 
be taken out, and in some instances short gangways were 
driven through the culm to reach the pillars. The driving of 
the gangways or headings through the culm was an easy 
matter, the fore-poling method of timbering being used. It is 
my impression that after the pillars were taken out the spaces 
they occupied were also filled with culm ; but of this I cannot 
speak definitely, as shortly after that time I left the service of 
the company. 

IsTote. — Since writing the above, I have learned that in the 
latter part of 1885 there was an extensive squeeze in the second 
and third levels of the Laurel Hill mine, of Messrs. A. Pardee 
& Co., at Hazelton, Pa. The squeeze was creeping slowly to 
the west and passed the special timbering as fast as it was put 
in place. Frank Pardee, then Assistant General Superintendent 
for A. Pardee & Co., suggested to his father, the late Ario Par- 
dee, and his brother Calvin, then General Superintendent, the 
plan of flushing two breasts, between the slope and the squeeze, 
with culm, through bore-holes. The plan was carried out and 
the result was a complete success. This prior use of the system 
of flushing, on a comparatively small scale, shows that the 
credit for first using it belongs to Mr. Pardee. In justice to 
Mr. Luther, however, it must be recorded that he was unaware 
of Mr. Pardee’s use of culm for the purpose of supporting the 
overlying strata when he made the plans for the later work at 
Kohinoor colliery. 
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Geology of the Cobalt District, Ontario, Canada. 

Discussion of the paper of Beginald E. Hore, p. 480. 

Cyril W. Knight, Toronto, Ont., Canada (communication 
to the Secretary*). — Mr. Hore's paper presents an interesting 
summary of our knowledge of this important mineral field ; 
and is therefore acceptable as giving information which our 
Transactions did not already contain, although it presents little 
or nothing not made known by other writers before 1906, when 
Mr, Hore began work in the field as a student assistant. Con- 
tributions of this kind, however, should be made completely 
valuable by such references to previous work as will enable the 
reader to follow to their original sources the theories or con- 
clusions stated by the author. It is quite natural, and even 
excusable, that a new observer should find novelty in his own 
observations — especially if he is not acquainted with the work 
of predecessors in the same field. Moreover, the independent 
repetition of an observation or conclusion has a distinct value 
as a confirmation, though it may have none as a discovery. 
But the publication of it, without reference to its predecessors, 
may place the author in an unfavorable light as either ignorant 
of the history of his subject, or willing to claim credit to which 
he is not entitled. Of the latter fault, I do not accuse Mr. 
Hore ; but I cannot wholly acquit him of the former. With- 
out disparaging his intelligent work, I must point out that his 
paper, as it stands, might easily give the impression that he 
claims originality for many statements which are by no means 
new, and that he emphasizes unduly his own publications. 

Thus, his remark (p. 481) ‘‘I have described the silver-fields 
in a general way in my paper (not yet published), should have 
been accompanied with reference to some of the numerous 
papers, already published, which describe these fields. 

Again, on p. 486, he refers to four papers of his own on the 
Porcupine gold-area, but neither in the text nor in the appended 
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bibliography does he mention papers on this subject by other 
authors. 

On the same page, he says, “ In numerous instances I have 
found Huronian conglomerates which lie unconformably on 
granites and syenites referred to the Laurentian.” Since, in 
numerous other instances, numerous other persons had made 
the same observation, Mr. Hore’s use of the personal pronoun 
should have been guarded against misunderstanding. It looks 
as if he considered himself as the discoverer of this relation- 
ship. 

With regard to the resemblance of the conglomerates to gla- 
cial material, Mr. Hore’s single reference (p. 492) to a paper of 
his own, might be construed as showing ignorance or disregard 
of the discussion of this subject by other writers before he ever 
saw the Cobalt region. 

In connection with the diabases (p. 492), with aplitic veins 
(p. 493) and with the origin of the ores (p. 497), Mr. Hore’s 
foot-notes cite no publications except his own. It may be that 
in his own papers, thus cited, full credit is given to earlier in- 
vestigators (Van Hise, among others) who published discus- 
sions of these subjects before Mr. Hore had published anything. 
But he should have remembered that any such acknowledg- 
ments of earlier work do not come before the readers of our 
Transactims unless they happen to be also readers- of the other 
publications cited. I have no doubt he -will heartily disclaim 
the interpretation of his statements to which he has uninten- 
tionally laid himself open. 

Unfortunately, the bibliography appended to Mr. Hore’s 
paper is incomplete in some important particulars. I think I 
am doing a service to both him and his readers by supplying 
the following items : 


Pwciipine Qold-Area. — A geologically colored map, with notes, was published 
by the Ontario Bureau of Mines, July, 1910. The notes give a fairly full descrip- 
tion of the gold-veins and the geology in general. 

Oongkmerales Lying UnconformcMy on Qranites. — ^There are numerous references 
to this relationship in the Ryoorts of the Canadian Geological Survey and of the Onta- 
rio Bureau <f Mvnea. Keferences are made to a number of such occurrences in the 
Beport of the Special (International) Committee for the Lake Superior Re- 
gion, Journal of Geology, vol. xiii., 1906, pp. 89-104. 

Glaeial Origin, of Conglomerate. — W. Q. Miller refers to this in the Beport of the 
Ontario Bureau of Mines, 1905, Part II., p. 41. A. P. Coleman has also 
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assumed a glacial origin for the conglomerate. American Journal of Science^ vol. 
xxii],, March, 1907 ; and Journal of Geology, vol. xvi., 1908, p. 149. 

A^liiw Veins, — These are described in the Eeports of the Ontario Bureau of Mines, 
vol. xvi., Part IL, pp. 65, 124-125. 

Origin of Cobalt-Silver Ores. — This is discussed in the Report of the Ontario Bu- 
reau of Mines of 1905, Part II., p. 7, and later Reports; also, by 0. R. Van 
Hise in the Journal of the Canadian Mining Institute, vol. x., 1907, pp. 45-61. 

As to the character of the diabase and the geology of the 
silver-area in general, the literature is voluminous. 
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Adams, Huntington : The Continuous System of Cyamding m PacMica Tallies, xl, 595-601. 
Afla.eck, William : death, xxxiii. 

Agency of Manganese in the Superficial Alteration and Secondary Enrijchment of Gold- 
Deposits in the United States (Emmons), iv, 3-73 : Discussion (Keyes), xli, 
917-920 

Air-agitation ; see Cyanide practice. 

Agitation-tanks : see Tanks. 

Alabama • iron-ore production (1909), 224. 

Alabaster, Eupert C. [biog. notice, Bulletin No. 58, Oct., 1911, xxv] , death, xxxiii. 
Alaska-Treadwell Gold Mining Co., Douglas Island, Alaska; Cyanide-Plant, 785-818. 
Alberger, Louis E. [biog. notice, Bulletin No. 56, Aug., 1911, xxi] ; death, xxxiii. 
Aldrich, T. H., Jr. : Electrolytic Oxygen in Cyanide Solutions, xlvii, 746-751. 

Alpine tunnels, 436-469. 

Alumina: in mine- waters, 12. 

Amalgamation ; 

gold-silver concentrates, Treadwell mines, Alaska, 792. 
gold-silver ores : sea- water vs. lime-water, [789]. 

Amendments to the Constitution of the Institute, proposed, xxv. 

American Institute of Mining Engineers ; 

Board of Directors : proceedings, xxvi. 

Constitution and By-Laws, xiv. 

amendments (proposed), xxv. 

Council ; report for 1910, xxviii. 
deaths of members and associates, xxxiii. 
financial report, xxvii. 

Land Fund Committee; report, xxvi. 
meetings; Annual, xxiv. 

San Francisco, xliv. 

Wilkes-Barre, xxxiv. 
list of, from organization, xi. 
membership, xxxi. 
officers, vii, ix. 
publications, xii. 

Analyses (see also Assays) ; 
clay slimes, 781. 
flue-dust, 187. 
gas (natural), 419. 
gold-ores, [64], 696. 

iron-ore (Cuban), 75, 111, 113, 119, 123, 124, 139. 
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magnetic concentiates, 187. 
mine- waters, 9, [23]. 
ocher, 112. 

rocks, [11], [38], [514]. 
sand-clay slimes, 781. 
serpentine, 75, 111. 
sintered iron-materials, 1 87. 

Annie Laurie gold-mine, Utah, [71]. 

Anthon, E G : relative affinity of metals for sulphur, [653]. 

Anthracite: see Coal. 

Anthracite Board of Conciliation (Waisbiner), xxxviii, 390-402. 

Anthracite- Old m Briquettes (Dorrance), xl, 365-390. 

Anthracite pig-iron : pioportion of 1910 production, 230. 

Apparatus for Metallography (Hayward), xl, 636-642. 

Arlberg tunnel, Switzerland, 436 et seq. 

Assay of Silver-Bearing Gouge-Ores (Keyes), xxxix, 518-527. 

Assays (see also Analyses) ; 
copper (argentiferous), 906 

gold-silver concentrates, Treadwell mines, Alaska, 786. 
silver-ores, 518-527 
Atacamite : 

artificial, [510]. 

chrysocolla derived from, [510] 
malachite derived from, [510]. 
occurrences, [510], 

Bachman, F. E. ; reducibility of iron-ores [203]. 

Bacteria: latenzatiou due to, [76]. 

BAhney, Luther W. : Rapid Estimation of AvailaUe Calcium Odde in Lime Used in the 
Cyanide Process, xlvii, 741-745. 

Bain, H, Foster ; Coal-Resources of Alasha, [xlvi]. 

Ball, Spurr, and Garrey: silver-lead deposits, Georgetown and Silver Plume, 
Colo., [60]. 

Bamberger, Sidney M. : death, ±!xxiii. 

Barlow, A. E.: geology, Ontario, Canada, [482]. 

Barwald : chrysocolla derived from atacamite, [510]. 

Bauschinger * crushing-tests of sandstone, 239. 

Bearing of the Theories of the Origin of Magnetic Iron-Ores on Their Possible Extent (Nason) , 
[xlviii]. 

Beck, Eichard : bog iron-ore, 126. 

Becker, George F, : Biographical Notice of Samuel Franklin Emmons, xlvi, 643-661. 

genesis of California quicksilver-deposits, [515]. 

Bell: blast-furnace practice, [199], [201]. 

Bessemer steel* production, U. S. (1910), 223 
Bethlehem Iron Mines Co. . iron-ore holdings, Cuba, 116 
Bibliography: geological explorations, Ontario, Canada, 498, 925. 

“ Big coal-seam, Scranton, Pa., 247. 

Biographical Notice of Samuel Franklin Emmons (Beokeb), xlvi, 643-661. 

Biographical notices of members of the Institute : see names of members. 
Birkinbine, John : TheUnited States Iron Industry from 1871 to 1910, xxxviii, 222-235. 
Black ^fountain Coal-District, Kmtucky (Dilwobth), [xlviii]. 

Blake ; iron- and manganese-deposits on desert rooks, [511]. 

Blast-furnace practice : 

application of efficiency-methods, 220. 
critical temperature : determination, 195. 
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carbon : loss between throat and hearth, 201. 
development since 1871, 231. 
fuel-economy . suggestions, 215. 

Fuel-Efficiency, 191-221. 

fuel-requirements ; formula, 203. 

heat available in the hearth, 193 

heat-supply and heat-loss in fusibn-zone; sources, 194. 

rate of driving: effect on fuel-consumption, 199. 

slag-temperature, 196. 

Blast-furnaces ; 

data of operations, 210. 

number in operation, U. S (1871-1910), 233, 235 
Blast-roasting : Fine Iron-Bearing Materials, 180-190. 

Board of Conciliation {Anthracite), 390-402. 

Board of Directors of the Institute ; proceedings, xxvi 
Bog ore : see Iron-ore. 

Boudouard : solubility of carbon in carbon dioxide, [201]. 

Brauns : action of sea-water on slag-heaps, Laurium, Greece, [508J. 

Briggs, Boswell E : death, xxxiii 

Brill, Paul K. [biog notice, Balletm No. 56, Aug , 1911, xxij : death, xxxiii. 
Briquettes: Antluacite Culm, 365-390. 

Briquetting-plants : culm, 365. 

Brokaw, A. D. . experiments in solution of gold, 7, 17, 20. 

Brooks, T. B. : iron-ore mining-conditions (1871), 225. 

Brown, Alexander E. ; death, xxxiii 
Brown, P, C . ore-dressing method, [598] 

Brown, J. J , Jr. ; Lead-Smelting in the OreSearth, xxxix, 402-408. 

Brown, R. G. : slime-filtration, [761] 

Brun, Albert : gaseous content of rocks, [11]. 

Bronton, Da. VXD W. : The Laramie Tunnel [xlvii]. 

Buehler and Gottschalk effect of pyrite on solubility of galena, [10], 

Bulkley, Henry W. ; death, xxxiii. 

Bunting, Douglas ; Chamber-Pillars in Deep Anthracite- Mines, xli, 236-245. 

Burt slime-filter ; cycle of operation, 757. 

Butters slime-filter : cycle of operation, 757. 

Buvinger, W. J. : reducibility of iron-ores, [203]. 

Cable gold-mine, Philipsburg, Mont., [6], 58. 

Caddo Oil- and Gas-Field, Louisiana (Hopper), xxxix, 409-435. 

Calcium : in mine-waters, 12. 

Calcium oxide : Available in Lime Used in the Cyanide Process, 741-745 
California : 

Gold-Production, 847-851 
Oil-Fields : Present Conditions, 837-846. 
oil-production (1875-1910), 840. 
map ; dredging-areas, 859. 

Camp Bird gold-mine, Ouray, Colo., [31], [62], 

Canada ; 

Ontario ; Ijjibliography of geological explorations, 498, 925. 
cobalt-silver deposits, 496. 

Geology, Cobalt District, 480-499. 
maps, 484, [499]. 

silver-mining districts, 481, 495, 497. 
silver-production, Cobalt district (1904-1909), 480. 

Canadian Mining-Law (Clark), xl, 614-617 : Discussion (Raymond), xl, 617-623. 
Car-reloader : Smith, 358. 
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Carbonates : in mine-waters, 12. 

Carpenter, B. C. . crushing-tests of coal, 239, 

Catlett, Charles: Phosphorus in Coking- Coal, xlviii, 902, 
coking in beehive ovens, [220], 

Central Bailroad of IST, J : coal-storage plants ; capacity, 364. 

Chalcocite chemical relations with pyiite, [43], 

Chalcocitization , relation to enrichment of gold-deposits, 42. 

Chamber-Pillars in Deep Anthracite- Mines (Bunting), xli, 236-245. 

Characteristics and Origin of the Brown Iron-Ores of Oamaguey and Moa, Cuba (Cumtn<iS 
and Miller), si, 116-137. 

Charcoal pig-iron : proportion of 1910 production, 230. 

Chase, Charles A ; Notes on the Liberty Bell Mine, xlvii, 694-741. 

Chauvenet: gouge zinc-ores, [514]. 

Chloride ores : 

prevalence in arid regions, 507. 
distribution, [12]. 

Chlorides: 

copper : effect in solution of gold, 17, 25 
functions in ore-deposition, 510. 
in mine-waters, 10. 
r61e in ore-formation, 510, 917. 

Chlorine : 

amount necessary for solution of gold, 28 
content of rocks, 11. 
in dust of and regions, 510. 
in mine-waters : source, 10, 23. 

in natural waters : map, New England and New York, 13. 
with manganese compounds ; solubility of gold in, 28. 

Chouteau, Pierre : death, xxxiii. 

Christy, Samuel B. : Electro-Deposition of Gold and Silver from Cyanide Solutions, 
[xliv]. 

Clark, J. M. ; Canadian Mining-Law, xl, 614-617. 

Clarke, F, W. : chlorides in ore-deposition, [510]. 
gaseous content of rocks, [11]. 
rock-analyses, [11], [38] 
transfer of solutions in rocks, [515]. 

Clay slimes : Filtration, 752-784. 

Coal: 

anthracite; breakage- and attrition-losses, 295, 316, 323, 353. 
commercial sizes, 265. 
cost of preparation for market, 313. 
crushing-strength, 240. 
disposal of breaker-refuse, 271. 

Preparation, 264-313. 

Storage, 314-365. 
storage-plants; capacity, 364. 
yield of prepared sizes, 259, 265. 
coking ; phosphorus-content, 902. 
fuel- value, compared with California oil, 843. 

Coal-breakers; 

costs ; construction and operation, 312. 
labor, 308. 

loading arrangements, 309. 
machinery, 272, 290. 
power required, 306. 
tonnage per employee, 309. 
water ; quantity required, 312, 
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Coal-mimug ; , 

caving and squeezing: causes and effects, 237, 250. 

Uhamher-Pillars in Deep Mines, 236-245. 

chipping pillars, 248. 

culm and sand filling, 258, 271, 368, 921. 

pillar-recovery, 259. 

roof-support, 257. 

tests of roof-support materials, 258, 261. 

Goal-Besouices of Alaska (Bain), [xlvi]. 

Coal-storage plants ; 
classification, 319 

costs , construction and operation, 330, 345, 347. 

Coxe Bios & Co., Roan Junction, Pa., 336. 

Dodge system, 342. 

Erie Railroad, Hammond, lud., 360 

Lehigh Coal & Navigation Co , Hauto, Pa., 347. 

Lehigh Valley Coal Co.; Hudsondale, Pa., 331. 

Ransom, Pa., 354. 

Wende, N. Y., 363. 

West Superior, Wis., 361. 
location, 315. 

Pennsylvania Railroad Co., South Amboy, N. J , 343. 
requirements, 318. 

Staples Coal Co., Fall River, Mass , 336. 

Cobalt mining-district, Ontario, Canada : 

bibliography of geological explorations, 498, 925. 

Geology, 480-499, 924-926 
maps, 484, [499]. 

silver-production (1904-1909), 480. 

Cobalt-silver deposits : Ontario, Canada, 480-499, 924-926. 

Coke pig-iron : proportion of 1910 production, 230. 

Coleman, A. P. ; Lower Huronian ice age, [492]. 

Colliugwood, Francis [biog. notice. Bulletin No. 62, Feb., 1912, xxviii] : death, xxxiii . 
Compressed-air agitation ; see Cyanide practice. 

Compressed-air engines : see Engines. 

Comstock lode, Nev, ; gold- and silver-product; proportion and value, 46. 

relation of gold- and silver-ores, 45, 

Conciliation : Anthracite Board, 390-402. 

Concrete ; 

mine-pillars, 261. 

value for mine-roof support, 261. 

Conner, Eli T.; Mine-Caves Under the City of Scranton, xxxix, 246-263. 

Constitution and By-Laws of the Institute, xv. 

Continuous System of Oyanidingin Pachuca Tanks (Adams), xl, 595-601. 

Cook, E S. ; blast-furnace practice, [200]. 

Copper ; 

argentiferous : Sampling, 905-908. 
in mine-waters, 14, 25. 
precipitation by silicate minerals, 517. 

Copper chlorides ; 

effect on solubility of gold, 17, 25. 
functions in ore-deposition, 510. 

Copper-deposits ; 

influence of chlorides in formation, 511. 
metal-content in gouge-clays, 514. 

Rio Tinto, Huelva, Spain, [653]. 
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Copper -1 efining ; Electrolytic, 874-901. 

Cosby, Eobert ; death, xxsiii. 

Costs ; 

coal-breakers : construction and operation, 312. 
coal-storage plants, 345, 348, 

cyanide- treatment, gold-ore, Liberty Bell mine, Colo., 737. 

gold-silver ore, Treadwell mines, Alaska, 818 
dredging: gold, California, 872. 
freight ; iron-ore, Cuba to U S., 151. 
laboi * tunnel-construction, Switzerland, 461. 
niine-filliug with culm and sand, 259, 263. 

miiie-hoists; compressed air and electric: installation and operation, .'>39-547. 
mining, gold; Liberty Bell mine, Colo., 710, 739 
gold: Park City, Utah, 471-479 
iron : Cuba, 151. 

silver. Cobalt district, Canada, 496. 
milling; gold-ore, Liberty Bell mine, Colo., 737. 
nodulizing: iron-ore, Felton, Cuba, 150. 
oil-leases, Caddo, La., 420. 
oil pipe-lines: hauling, laying, painting, 435. 
oil-wells; drilling, Caddo, La., 434 
machineiy equipment, 423. 
pig-iron manufacture (percentage), 221. 
smelting ; lead, 405 
lead-slag, 407. 

tramway-operation, Liberty Bell mine, Colo , 718, 739. 

Council of the Institute: report, xxviii. 

Cox, jEXJsriNGS S., Jr.; The Iron Ore Deposits of the Moa District, Oneiite Piorlnce, 
Island of Cula, xl, 73-90. 

Co le Mining Laboratory, LeUqh Umversify, 670-675, 

Crowning Glory gold-mine, Silver Peak, Nev , [57]. 

Crushing-machinery ; 

for coal-preparation, 283 
for iron-ore pieparation, 177. 

Cuba: 

geology, 74. 

Iron-Ore Deposits, 73-169, 

maps : Mayari iron-ore deposits, 153. 

San Felipe iron-ore deposits, 117. 

Culbert, Milton T. [biog. notice, Bulletin No. 56, Aug., 1911, xxi] ; death, xx.viii. 
Culm, anthracite ; 
ash-content, 371. 

Briquetting, 365-390. 
disposal, 368. 

mine-filling, 258, 271, 368, 921. 
pneumatic sizing, 372. 
production (annual), 368. 

CuMiNGS, Willard L., and Miller, Benjamin L : Characteristics and Origin of the 
Brown Iron-Ores of Camaguey and Moa, Cuba, xl, 116-137. 

Cupric chlorides ; see Chlorides, copper. 

Oyamde-Plant at the Treadwell Mines, AlasTca (Lass), xlvii, 785-818. 

Cyanide practice : 

agitation in alkali solution, 794. 

Available Calcmm Oxide in Lime, 741-745, 

Continuous System, 595-601, 727, 826. 

Electrolytic Oxygen in Cyanide Solutions, 746-751. 
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grinding in cyanide solution, 790. 

Liberty Bell mill, Colo., 727. 

Slhne^FtUrahon, 752-784. 

Treadwell Mines, Alaslca, 785-818. 

Veta Colorado M. & S. Co , Parral, Mexico, 826 
Cyanide Practice at the Santa Gertrudxs Mine, Pachuca, Hidalgo^ Mexico (EosEj, [xlviii], 

Damon pneumatic separator for culm-sizing, 372 

Daniels, Joseph; The Frits Engineering and the Coxe Mining Lahoratories of Lehigh 
University, xlvi, 662-675. 
crushing-tests of coal, 239. 

Daeton, N. H.; Materials Available for Refilling Coal-Workings m the Northern Anthra- 
cite Coal-Field, [xxxix]. 

Structure of the Northern Anthracite Coal-Field, Especially m Relationtothe Occiprence 
of Gas in the Coal, [xl]. 

Deaths of members of the Institute, xxxiii. 

De Kalb, Courtenay Exposed Treasure gold-mine, Mojave, Cal., [67]. 

Delamar gold-mine, Nevada, [38], [72], 

De Launay: geology, Thasos, European Turkey, [575]. 

De Launay and Fuchs . zones in Mexican silver-regions, [505]. 

Delaware & Hudson Canal Co. : briquettmg-plant, Eondout, N, Y , 366. 
coal-storage plants : capacity, 364. 

Delaware, Lackawanna & Western Eailroad : coal-storage plants : capacity, 364. 
use of briquetted fuel, 366. 

Dennis, Pbancis J. : Examination of Dredging-Properties, xlviii, 851-855. 

Devereux, W. B. ; placer gold-deposits, Black Hills, S. D., [54]. 

Diagonal- Plane Concentrating-Table (Kbom), xl, 528-532. 

Diamond coal-seam, Scranton, Pa , 248. 

Diamond-pointed tools ; used in construction of Solomon’s Temple, 438. 

Diggles, James A. [biog notice. Bulletin No 56, Aug., 1911, xxiii] : death, xxxiii. 
Diller: geology, Asiatic Turkey, [580]. 

Dilwoeth, John B. : The Black Mountain Coal- District, Kentucky, [xlviii]. 

Dittiich ; interchange of bases in solutions, [517] • 

Dodge, W. F. ; Loss in “ Breaking Down^^ Anthracite, [xl]. 

Dodge coal -storage plants • 

costs ; construction and operation, 345, 347. 
loss in breakage of coal, 346, 353. 

Dods, John C.: death, xxxiii. 

Dominian, Leon : History and Geology of Ancient Gold-Fields in Turkey, xl, 569-589. 
Don ; analyses of Australian mine- waters, [23]. 
experiments in solution of gold, 7, 15, 17. 
liberation of chlorine from hydrochloric acid, [511]. 

Dobbance, Chables, Je. ; Anthracite- Culm Briquettes, xl, 365-390. 

Drafting-Table for Tracing Through Opaque Paper (Schwennesen), xxxix, 623-625. 
Drag-line excavator, 143, 151, 171. 

Dredging ; 

Examination of Properties, 851-855. 

Present-Day Problems in California, 855-873. 

Dredges : 

dipper, 865. 
gold, 855,857. 
harbor, 870. 

Drill- carnage : Loetschberg tunnel type, 460. 

Drills: hand-drill for prospecting, 853. 

Drinker: ancient use of diamond-pointed tools, 438. 

Drinkwater gold-mine, Silver Peak, Nev., [57]. 
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Dunmore coal-seam, Scranton, Pa., 248. 

Durham, Edward B.; Electrolytic Refining at the U.8 Mint, San Francisco, Cal, xliv, 
874-901. 

Dwight-Lloyd sintering process, 180-190. 

Eichhorn . interchange of materials in clay solutions, [516] . 

Electric heating-furnace, 636 ^ \ 

Elect) iG Motoi'S vs. Compressed-Air Engines for Driving Deejp-Mme Hoists (Pauly), 

xsxix, 533-560. 

Electrical Practice in Mines (McCollum), [xlviii]. 

Electro-Deposition of Gold and Silver from Cyanide Solutions (Christy), [xliv]. 
Electrolytic Oxygen in Cyanide Solutions (Aldrich), xlvii, 746-751. 

Electrolytic Refining at the U. S Mint, San Francisco, Cal. (Durha. ii), xliv, 874-901. 
Emmons, Samuel Pranklin : association of gold with manganese, [31], 

Biographical Notice, 643-661. 

chlorine-content of surface-water, Leadville, Colo., [12] 
death, xsxiii 

Delamar gold-mine, SE Nevada, [72] . 

kaolin in ore-deposits evidence of enrichment, [512]. 

list of scientific publications, 656. 

ore-deposits, Leadville, Colo., [59]. 

secondary enrichment of ore-deposits, [5], [55], [512]. 

Emmons, William H. : The Agency of Manganese in the Superficial Alteration and Sec^ 
ondary Enrichm&iat of Gold-Deposits %)i the Viiited States, iv, 3-73. 
gold-deposits, Edgemont, Nev., [59]. 
gold-deposits, Midas, (^old Circle district, Nev., [72]. 

Emmons, William H., and Garrey, G. H : gold-deposits, Manhattan, Nev., [71]. 
Emmons, Garrey, and Ransome: gold-deposits, Bullfrog district, Nev., [71]. 

Emmons, Irving, and Jaggar; gold -deposits. Black Hills, S. D., [54]. 

Emrich, Horace H [biog. notice. Bulletin No. 63, Mar., 1912, xlvii] ; death, xxxiii. 
Engines : 

compressed air ; air-consumption, 550. 
thermodynamics, 550. 

V8. Electric Motors, for Deep-Mine Hoists, 533-560 
English and Plett ; geology, Asiatic Turkey, [680] 

Enrichment of ore-deposits : see Ore-deposits. 

Erie Railroad : coal-storage plants ; capacity, 364. 

Esperanza gold-mine, El Oro, Mexico; continuous cyaniding-system, 597. 

Examination of Dredging-Properties (Dennis), xlviii, 851-855. 

Excavators ; 

drag-line, 143, 151, 171. 
scraper-bucket, 156, 864. 

Exploration of Guian Iron- Ore Deports (Woodbbidq-b), xl, 138-152. 

Exposed Treasure gold-mine, Mojave, Cal., 48, 67. 

Ferric compounds ; effect on solubility of gold, 24, 

Field : artificial atacamite, [510]. 

Filters ; 

slime ; classification, 754. 
cycle of operation, 757 

Fitch, W. W. , analyses of Cuban iron-ore, 124. 

Flettand English: geology, Asiatic Turkey, [580]. 

Flow of Pulverulent Ore Through Orifices (Heesam), [xlviii]. 

Flue-dust: Sintering, 180-190. 

Forrester, Robert; [biog. notice. Bulletin No. 50, Feb., 1911, xxxvi] : death, xxxiii. 
Forsythe : blast-furnace practice, [198]. 
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Fostee, Eufus J. : Discussion on Mine- Caves Under the City of Soanton, xli, 921-923. 
Fourteen-Foot coal-seam, Scranton, Pa., 247. 

Fnts Engineering and Goxe Mining Laboratories of Lehigh University (Daniels), xlvii, 
662-675 

Fuchs and de Launay zones in Mexican silver-regions, [505]. 

Fuel-Efficiency of the Iron Blast-Furnace (Poeter), xl, 191-221. 

Fuel-Froblems of the Pacific (Reinholt), [xlvii]. 

Furnaces ; 

heating; electric, 636. 
lead-smelting ; Brown, 408. 

Jumbo hearth, 404. 

Scotch hearth, 404. 
melting : Rockwell, 875. 

Galena ; effect of pyrite on solubility, [10]. 

Gamb.a, F. P. : Geology of Some Mines in the South of Colombia, [xlvii]. 

Garrey, G. H., and Emmons, W. H. ; gold-deposits, Manhattan, Nev., [71]. 

Garrey, Ball, and Spurr ; silver-lead deposits, Georgetown and Silver Plume, 
Colo., [60]. 

Garrey, Emmons, andRansome, gold-deposits, Bullfrog district, Nev., [71]. 

Gas ; natural : analysis, 419. 

Gas-content of rocks, 11. 

Gas-fields ; Caddo, La , 409-435. 

Gas-wells ; Caddo, La., 409-435. 

Gayle Y, James: The Sintering of Fine Iron-Bearing Materials, xxxix, 180-190. 

blast-furnace practice, [199]. 

Geikie, Archibald ; bog iron-ore, 126. 
geology of the Alps, 437. 

Geismer, H. S. : The Preparation of Brown Iron-Ores, xl, 169-180. 

Geology ; 

Alps, 437, 445, 448. 

Canada : Cobalt District, Ontario, 480-499. 

Colorado: San Juan district, San Miguel County, 696. 

Cuba, 74, 118. 

Louisiana : Caddo Parish, 416. 

Michigan : Gogebic iron-range, 676. 

Utah ; Park City, 470. 

Turkey : Ancient Gold-Fields, 569-589. 

Geology of the Cobalt District, Ontario, Canada (Hore), xxxix, 480-499; Discussion 
(Knight), xli, 924-926. 

Geology of Some Mines in the South of Colombia (Game A), [xlvii]. 

Geology of the Tonopah Mining-District (Looks), [xlvii]. 

Geyser gold-mine, Silver Cliff, Colo. : nitrate-content of waters, 12, 22. 

Glaser, E, ; iron-ore deposits, New Caledonia, [101]. 

Gogebic iron-range; 
geology, 676. 

ore-production (1884-1910), 225. 

Gold: 

association with manganese oxides, 30. 
experiments in solution and deposition, [7], 15. 
precipitation, 28. 

production: California (1849-1910), 847, 857. 

United States (1792-1910), 847. 
relation of enrichment to chalcooitization, 42. 
transfer in cold solutions, 28. 

Gold 'Coin gold-mine, Cripple Creek, Colo., [65] . 
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Gold-deposits (see also Gold-silver deposits) ; 

Agency of Manganese in Alteration and Enrichment, 3-73, 917-920. 
alteration to copper m depth, [589]. 
concentration : in gouge bands, 514. 

in oxidized zone, 41. 
classification (Lindgren’s), [7], [50], 

Examination of JDredging^Pi operties, 851-855. 

United States : 

Alabama, [54]. 

Alaska ; Berner's Bay, 55. 

Treadwell mines, 55. 

Arizona : Oro Blanco, 514. 

California, 847-851, 863. 

Bodie, 67. 

Mojave: Exposed Treasure mine, 67. 

Mother Lode district, 55. 

Nevada City and Grass Yalley district, 56. 

Ophir district, 57. 

Colorado : Cripple Creek, 63. 

Georgetown Quadrangle, 61. 

Leadville, 59. 

San Juan district, 62. 

Summit district, 66. 

Idaho, [59]. 

Montana : Philipsburg, [6], 58. 

other districts, 59. 

Nevada; Bullfrog district, 71. 

Delamar mine, 72. 

Edgemont, 59. 

Gold Circle district, 72, 

Goldfield, 70 
Manhattan, 70. 

Silver Peak, 57. 

Tonopah, 68. 

New Mexico ; Ortiz Mountains, 503, 514, 

South Dakota : Black Hills, 54. 

Southern Appalachian districts, 53. 

Utah ; Annie Laurie mine, 71. 

Canada; Porcupine, Ont., [486], [925]. 

Nicaragua, [602]. 

Turkey ; Anatolian field, 580. 

Pontic field, 586. 

Thasos, 575. 

Thracian field, 670. 

Gold-dredging ; 

Alaska, 869. 

California: costs, 872. 
dredging-areas, 863. 

Present-Day Problems^ 855-873. 

Gold-mine waters ; salts in, 8. 

Gold-mines (see also Gold-silver mines) ; 

Alaska ; Treadwell, Douglas Island, 55. 

California ; Exposed Treasure, Mojave, 48, 67. 

Colorado: Camp Bird, Ouray, [31], [62]. 

Geyser, Silver Cliff, [10]. 

Gold Coin, Cripple Creek, [65]. 
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Liberty Bell, San Miguel County, 694-741. 

Pharmacist, Cripple Creek, [63]. 

Summit, Cripple Creek, [63], 

Tomboy, Silverton, [31], [62], 

Montana ; Cable, Philipsbuig, [6], [58]. 

Grauite-Bimetalhc, Philipsburg, [6], [58]. 

Nevada ; Crowning Glory, Silver Peak, [57] 

Delamar, [38], [72]. 

Drink water, Silver Peak, [57]. 

South Carolina : Haile, [38], [54]. 

Utah : Annie Laurie, [71]. 

Mexico; Esperanza, El Oro, [597]. 

Natividad, Oaxaca, 597. 

Gold-Production in California (Yale), xlv, 847-851 
Gold-provinces of the United States, 50, 

Gold-refining ; Electrolytic, 874-901. 

Gold-silver and silver-gold ores ; vertical relations, in deposits, 43. 

Gold-silver deposits : 

California : Bodie, 67. 

Mojave, 67. 

Ophir district, 57. 

Montana; Philipsburg, [6], [58]. 

Nevada ; Midas, Gold Circle district, 72 
Gold-silver mines (see also Silver-gold mines) ; 

Alaska ; Treadwell, Douglas Island, 785. 

Nevada: Gold Hill group, Comstock Lode, [48]. 

Yellow Jacket, Comstock Lode, [48] 

Goiizalo, Joaquin; copper-deposits, Eio Tinto, Spain, [653]. 

Gordon, E. W. ; blast-furnace practice, [200]. 

Gossan ores ; varieties, 506. 

Gossans ; formation in arid regions, 502. 

Gottschalk and Buehler : effect of pyrite on solubility of galena, [10]. 

Government Coal-Mines in the Philippines (Eeinholt), [xlvii]. 

Granby Mining & Smelting Co., Granby, Mo. : lead-smelting process, 402-408. 
Granite-Bimetallic gold-mine, Philipsburg, Mont., [6], [58], 

Giaton; enrichment of gold-deposits, Haile mine, South Carolina, [54] 
minerals of gold-deposits, Southern Appalachians, [54]. 

Grave, Percy [biog. notice. Bulletin No. 56, Aug., 1911, xxiii] : death, xxxiii. 

Grille, Julius ; death, xxxiii. 

Grinding-mills: Huntington: experience in Nicaragua, 602-613. 

Grinding-machine for microscopic specimens, 638. 

Grizzlies: designing, 174. 

Grothe, A. T. ; continuous air-agitation in cyanide practice, 597. 

Ground* water level, 32 
Grubb, Charles B. ; death, xxxiii. 

Haile gold-mine, South Carolina, [38], [54]. 

Harris, G. D. : geology, Caddo Parish, La., 416. 

Hartman : coke-consumption in the iron-blast furnace, 197. 

Hayes, C, Willakb; The Mayan and Moa Iron-Ore Deposits in Cuba, xxxix, 109-115 
Hayes, Vaughan, and Spencer ; geological recounoissance of Cuba, [103], 

Haywaed, Caele E. ; Apparatus for Metalhgraphy, xl, 636-642, 

Heating-furnace: electric, 636. 

Hematite : proportion in iron-ore, Cuba, 77, 99. 

Hen wood ; action of sea-water on vein-outcrops, [508]. 

Hbesam, Eenbst a. : The Flow of Pulverident Ore Through Orifices, [xlviii]. 



938 


INDEX, 


Hesse, Conrad E. • death, xxxiu. 

Hills, R. C. : gold-deposits, Summit district, Colo , [66j. 

JSistory and Geology of Ancient Gold- Fields in Turkey (Domen'I.v.N’), xl, 569--589 
Hofman, H. 0. ; blast-roasting, [180]. 

Hoisting ; Liberty Bell gold-mine, Colo,, 704 
Hoists : 

mine : costs of installation and operation, comprossed-air and electric systems, 
539-547. 

Electric Motors vs. Compressed Air Engines for Driving, 533-560. 
power-consumption, 540. 

Holland, Thomas : laterization due to bacteria, [76] 

Holmes, Edwin M. [biog notice, Bulletin No. 56, Aug ,1911, xxvi] ; death, xxxiii. 
Homestake gold -deposits, Black Hills, S. D.. associated mmeralb, 54. 

Hopper, Walter E : Caddo Oil- and Gas-Field, Louisiana, xxxix, 409-435. 

Horb, Rbg-inald E. : Geology of the Cobalt District, Ontario, Canada, xsxix, 480-499. 
Horn-silver . 

in Exposed Treasure mine, Mojave, Cal., [48] 
in mines of Comstock Lode., Nev., [48] 
theories of formation, 45, [508]- 
Howe, Epenetus: death, xxxiii. 

Howe: blast-furnace practice, [192]. 

Hughes, Charles J., Jr. [biog. notice, Bulletin No. 50, Feb , 1911, xxxix] : death, 
xxxiii. 

Hunt, Charles Wallace : death, xxxiii. 

Hunt, T. Sterry , origin of iron-ore, Staten Island, N. Y , [105] 

Huntington mills . experience in Nicaragua, 602-613 
Huroniau formation, Ontario, Canada, 482. 

Hutchins, J. P., and Stines, Norman: hand-drill for prospecting, 853 
Iron : 

in mine-waters : effect on solubility of gold, 14, 25. 
pig: anthracite, charcoal, coke: proportion of 1910 production, 230. 
manufacture: percentage-cost of items, 221. 
production: Alabama (1910), 226, 228. 

Illinois (1910), 228. 

New York (1910), 228. 

Ohio (1910), 228. 

Pennsylvania (1910), 228. 

Pittsburg district (1910), 225. 

Southeru States (1910), 226. 

United States (1871-1910), 224, 227. 

Germany and Luxembnrg (1871-1910), 227. 

Great Britain (1871-1910), 227. 

Iron and manganese in rocks : chemical relations, 39.' 

Iron-mines : 

Lola, Daiquiri, Cuba, 166. 

Magdalena, Daiquiri, Cuba, [166] . 

Mayari, Orieute, Cuba, 152-169. 

Newport, Ironwood, Mich , 676-694. 

San Antonio, Daiquiri, Cuba, [166]. 

Iron-mining methods : 

Newport Mining Co , Ironwood, Mich., 676-694. 

Spanish-American Iron Co , Mayari and Daiquiri, Cuba, 152-169. 

Iron-ore ; 

bog, 106, 110, 126. 

brown : concentrating, 179. 
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Cuban ; Charncterishcs and Origin, 116-137 
loading, 171. 

Freparation, 169-180. 
stripping, 171. 
tiansportatiou, 172 
washing, 175. 

Cuban : alteration from serpentine, 93. 

analyses, 75, 111, 113, 119, 123, 124, 1.39. 
character, 95, 99, 107. 
comparison with Mesabi, 98. 
composition by volume, 93 
chromium-content, [91], 99, 129, 150. 
excavating, 143, 151, 156. 

hematite, limonite, and magnetite; relative proportions, 77, 99. 
is it ocher ? 112 

magnetic separation tests, [107]. 
nickel- and cobalt-content, 84, 91, 99, 129 150 
nodulizing, 160. 
origin, 92, 101, 105, 135. 
phosphorus-content, [99] 
separation of ocher, 114. 
water-content, 91, 
production : Alabama (1909), 224. 

Lake Superior region (1871), 224. 

Michigan (1909), 224 
Minnesota (1909), 224. 

New York (1909), 224. 

Pennsylvania (1909), 224 ‘ 

Virginia (1909), 224. 

Wisconsin (1909), 224 ; (1884-1910), 225. 

United States (1871-1910), 115, 224, 233, 235. 
reducibility of various kinds in the blast-furnace, 203 
Sintering Mne Oi es, 180-190. 

Iron-ore deposits: 

Canada (bog), 127. 

(’uba; Baracoa, [90]. 

Camaguey Province, 98-102, 116-137. 

Cubitas district, 103-109. 

San Felipe district, 116-137. 

Daiquiri, 166 

Oriente Province: Mayari district, 90-98, 103-115, 152-169. 

Moa district, 73-98, 103-152. 

India, [104], 

New Caledonia, [104]. 

Sweden (bog), 127. 

Western Australia, [104]. 

Iron-Ore Deposits of the Moa District, Oriente Frovirce, Island of Cuba (Cox), xl, 73-90. 
Irving, John D. : Some Features of Replacement Ore-Bodies, and the Criteria by Means 
of Which They May be Discovered, [xlvii]. 
minerals of gold-deposits, Homestake belt, Black Hills, S. D., 54. 

Irving and Van Hise; Penokee iron-bearing series, Michigan, [676]. 

Irving, Emmons, and Jaggar; gold-deposits, Black Hills, S. D., [54]. 

Italian-Swiss tunnels, 436-469. 


Jackson, D. D. : chlorine-content of natural waters, 11. 

Jaggar, Emmons, and Irving : gold-deposits, Black Hills, S. D., [54]. 
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James diagonal-plane concentrating-table, 528. 

JA.NIN, CaA.RLBs: Pi'eseni-Dcby Problems in Oaliforma Gold- Dredging, xlv, 855-873. 
Janin, Henry [biog. notice. Bulletin TSTo 53, May, 1911, xxviii] : death, xxxiii. 
Johnson, Joseph E. [biog. notice, Bulletin No. 57, Sept., 1911, xx] : death, xxxiii. 
Johnson : blast-furnace practice, 192 et seq. 

Jones, Washington [biog. notice, Bulletin No. 63, Mar,, 1912, xlviii] : death, xxxiii. 
Julian Gold Mining & Dredging Co , Nome, Alaska : dredging-operations, 869. 
Jurugua Iron Co . exploration of Cuban iron-ore deposits, [90]. 

Kaolin: in ore-deposits , evidence of enrichment, [512] 

Keewatm formation, Cobalt district, Canada, 482. 

Keller, Edward: Discussion on Sampling Anode-Oopper, with Special Reference to 
Silver- Content, xli, 905-908. 

Kelly filter-press, 756, 791, 809. 

Kemp : bog iron-ore, Canada and Sweden, 127. 
distribution of chromite in rock.s, [129]. 
iron-ore deposits, Camaguey, Cuba, [116], 
secondary enrichment in copper-deposits, [5], 

Keweenawan formation, Cobalt district, Canada, 482. 

Keyes, Charles E ; Origin of Certain Bonanza Silver-Ores of the Arid Region, xxxix, 
500-517 

Discussion on The Agency of Manganese in the Superficial Alteration and Secondary 
Enrichment of Gold-Deposits in the United States, xli, 917-920. 

Keyes, Ch\.rle 3 E , and Riddell, D. F : Assay of Silver-Bearing Goxige-Ores, xxxix, 
518-527. 

Khight, Cyril W. : Discussion on Geology of the Cobalt District, Ontario, Canada, xh, 
924-926. 

Knopf, Adolph: gold-deposits, Berner’s Bay, Alaska, [55]. 

Kohler: selective concentration of minerals in solution, [515]. 

Kohlransch ; solubilities of silver-salts, [44]. 

Kresge, E. E. : analyses of Cuban iron-ores, 124. 

Krom, S. Arthur. : Diagonal-Plane Concentrating- Table, xl, 528-532. 

Kuhlmann; artificial production of silver chloride, [515]. 

Kurtz, Henry M : death, xxxiii. 

Kuryla, M. H. : continuous air-agitation in cyanide practice, 597. 

Laboratories : 

engineering : Fritz, Lehigh University, 662. 
mining : Ooxe, Lehigh University, 670. 

Land Fund Committee . report, xxvi. 

Langdon: heat-balance in the iron blast-furnace, [199]. 

L^NGTOJr, John: Discussion on A Method of Calculating SinTaing-Fands, and a Table of 
Values for Ordinary Periods and Rates of Interest, xlviii, 908-910, 

Laramie Tunnel (Brunton), [xlvii]. 

L^ss, W. P. : The Cyanide-Plant at the Treadwdt Mines, Alaska, xlvii, 785-818, 
Lassaigne: solubility of manganese, [40]. 

Laterization : due to bacteria, [76]. 

Lathrop, W. a. : The Summit Hill Mine-Fire, [xxxviii]. 

Laudig, 0. O. : reduoibility of iron-ores, [203]. 

Laureutiau formation, Cobalt district, Canada, 482. 

Lava ; gaseous content, 11. 

Lawrence, H. L. : death, xxxiii. 

Laws of Igneous Emanation (Stevens), [xlvii]. 

Lead oxides ; effect on solubility of gold, 24. 

Lead-silver mines: see Silver-lead mines. 

Lead-Smelting in the Ore-Hearth (Brown), xxxix, 402-408. 

Lead-zinc deposits ; metal-values in gouge, 514. 
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Le Chateher : temperature ia the iron blast-furnace, 196. 

Le Conte: solution of gold in chlorine, [7]. 

Lee, J ulian H. [biog. notice, Bulletin No. 53, May, 1911, xxxvi] : death, xxxiii, 
Lehigh & Wilkes-Barre Coal Co. ; coal-storage plants : capacity, 364. 

Lehigh Coal & Navigation Co. : 

briquetting-plant, Lansford, Pa , 357, 367. 
coal-storage plants : capacity, 364. 

Lehigh University • Frits Engineering and Ooxe Mining Laboratories, 662-675. 

Lehigh Valley Coal Co. : 

breaker, Mineral Spring, Pa., 309. 
coal-storage plants : capacity, 364 
Lehner, Victor: lead oxide: effect on solubility of gold, [24]. 

Leith, C K. : Lake Superior iron-bearing series, [676]. 

Leith, C, K., and Mead, W. J. ; Origin of the Iron- Ores of Central and Northeastern 
Cuba, xxxix, 90-102. 

Lemberg: interchange of bases in solutions, [516]. 

Lewis and Pratt: chalcedony and quartz in iron-ore, [107]. 

Lime: in cyanide solutions : Available Oadeium Oxide, 741-745. 

Limestone: chlorine-content, 10. 

Limonite : proportion in iron-ore, Cuba, 77, 99. 

Lindgren, Waldemar ; Annie Laurie gold-mine, Utah, [71]. 
copper-deposits, Clifton-Morenci district, Arizona, [32]. 
gold -deposits; classification, [7], 60. 

Nevada City and Grass Valley, Cal., [56]. 

Ophir district, Cal., [57]. 

Southern Appalachians : associated minerals, [53] . 
kaolin in ore-deposits evidence of enrichment, [512]. 

Lindgren and Ransome ; gold-deposits, Cripple Creek, Colo., [63]. 

Linville : temperature in the iron blast-furnace, 196. 

Little, James E. : The Mayari Iron-Mines, Oriente Province, Island of Cuba, as De* 
veloped by the 'Spanish- American Iron Co., xli, 152-169. 

Lloyd-Dwight sintering process, 180-190. 

Locke, Augustus : Geology of the Tonopah Mining-District, [xlvii]. 

Lodes* metalliferous; successive zones in depth, 33 
Loetschberg tunnel, Switzerland, 446-469. 

Log-washers for ore-preparation, 177. 

Loiseau, E. F. : first to make coal briquettes in U. S., 365. 

Lord, Nathaniel W. [biog. notice, Bulletin No. 58, Oct., 1911, xxv] ; death, xxxiii. 

Loss in “ Breaking Down ” Anthracite (Dodge), [xl] . 

Luther, R. C. ; early use of culm for mine-filling, 922. 

McCaffery and Yung ; Ortiz gold-deposits. New Mexico, [503]. 

McCan, Edward K. [biog. notice. Bulletin No 56, Aug., 1911, xxv] : death, xxxiii. 
McCaskey, H. D.; gold-deposits, Alabama, [54]. 

McCaughey, W J. : experiments in solution of gold, 7, 15, 16, 20. 

McClurg, James A, ; death, xxxiii. 

McCollum, Burton: ElectHcal Practice in Mines, [xlviii]. 

McLaughlin, R. P. : gold-deposits, Bodie, Cal., [67]. 

MacDonald, Bernard; The Parral-Tanh System of Shme- Agitation, xliv, 819-837. 
Maclaren, J. Malcolm; genesis of gold-deposits, Haile mine, South Carolina, [54]. 

gold-deposits, Turkey, [571]. 

Magnesium : in mine-waters, 12. 

Magnetite ; proportion in iron-ore, Cuba, 77, 99. 

Maitland, A. Gibb; iron-ore deposits, Western Australia, [104]. 

Manganese ; Alteration and Enrichment of Gold-Deposits, 3-73, 917--920. 
chemical relations with iron in rocks, 39. 
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chemistry of, 24 

effect OD solubility of gold, 22. 

in mine-waters, 14, 25. 

Manganese oxides ; association with gold-deposits, 30, 919, 

Manganese-salts: lateral migration from country-rock, 38. 

Maps ; 

first use of contour-lines, [644], 

California: gold-dredgmg areas, 859. 

Louisiana: Caddo oil- and gas-field, 410, 411. 

New England and New York : normal chlorine, 13. 

Pennsylvania coal-seams, Scranton, 249-251. 

Canada : Cobalt district, 484. 

Ontario, [499]. 

Cuba : iron-ore districts, 117. 

Mayaii iron-ore deposits, 153. 

San Felipe iron-ore district, 117. 

Switzerland : Loetschberg tunnel and railway, 451. 

Turkey ; gold-fields (ancient), 570, 578. 

Marquette iron-range; iron-ore production (1871-1910), 225. 

Martin, Edward P. : death, xxxiii. 

Mateham, Charles A. : death, xxxiii. 

Materials AvailaUe for Eefillmg CoaUWorlaings in the Northern Anthracite Coal-Field 
(Barton), [xxxix], 

Mayari and Moa Iron- Ore Deposits in Cuba (Hayes), xxxix, 109-115. 

Mayari Iron-Mines, Orients Frovince, Island of Cilba, as Developed by the Bpanish- 
Americaii Iron Co, (Little), xli, 152-169. 

Mbap, W. J., and Leith, C. K. : Origin of the Iron-Ores of Central and Northeastern 
Cuba, xxxix, 90-102. 

Meetings of the Institute, xi, xxiv, xxxiv, xliv. 

Meissner: blast-furnace practice, [198] . 

Membership of the Institute, xxxi. 

Menominee iron-range ; ore-production (1877-1910), 225. 

Merrill filter-press, 755, 790, 810. 

Mesahi iron-ore : similarity to Cuban ore, 96. 

Metalliferous lodes ; successive zones in depth, 33. 

Metallography ; 

Apparatus, 636-642. 

electric furnace, 636. 

grinding- and polishing-machine, 638. 

specimen-mounting device, 641. 

Universal MetaXloscope, 625-635. 

Metcalf, Alfred T. : death, xxxiii. 

Method of Cahulaiing Sinking-Funds, and a Table of Values for Ordinary Feriods and 
Rates of Interest [Trans., xli., 533-535] ; Discussion (Langton), xlviii, 908- 
910. 

Michigan : iron-ore production (1909), 224 
Microscopy : 

electro-magnetic stage, 631. 
lighting, 634. 
photographing, 625-635. 
specimen-mounting device, 641. 

Universal Metalloscope, 625-635. 

Miller, Benjamin L., and Cumings, Willard L. : Characteristics and Origin of the 
Bromi Iron- Ores of Camaguey and Moa, Cuba, xli, 116-137. 

Miller, W. (3-. ; cobalt-nickel and silver-deposits, Temiskaming, Canada, [482]. 

Mills; Huntington: experience in Nicaragua, 602-613. 
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Mine- Caves Under ihe City of Soanton (Conneb), xxxix, 246-263 : Discussion (Fostee), 
xh, 921-923. 

Mine- hoists: Electric Motors vs Gompressedr Air Engines for Driving, 533-560. 
Mine-pillars : 

C hamher-Pillars in Anthracite-Mines, 236-245. 
compression-tests, 261. 

Mine-Rescue Service of the State of Illinois (Stoek), xxxix, 561-569. 

Mine-Survey Notes {Trans , xli., 790-796] ; Discussion (Rice), xli, 910-916. 

Mineral Production and Resources of China (Read), [xlv]. 

Mineral Spring coal-breaker : loading-arrangements, 310. 

Mines ; see name of product, mine, or mining company. 

Mining- Costs at Parh City, Utah (Williams), xl, 470-479. 

Mining-districts : review, 49. 

Mining Industry in Japan (NiSHio), [xlviij. 

Mining-law ; Canadian, 614-623. 

Mining practice (see also name of product) : 

Liberty Bell Gold Mining Co., San Miguel County, Colo., 694-741 
Newport Mining Co., Ironwood, Mich., 676-694. 

Tarr Mining Co., Smartville, Cal., 866. 

Minnesota: iron-ore production (1909 j, 224. 

Mizpah silver-gold mine, Tonopah, Nev, [69]. 

Modification of the Gay Lussac^^ Method for Silver-Bullion Containing Tin (Salas), 
[xlvii] 

Mont Cenis tunnel, 436-440. 

Montana Tonopah silver-gold mine, Tonopah, Nev., [69]. 

Moore : fuel-economy of the dry blast, [218], 

Moore slime-filter, 755. 

Morgan, Charles H. [biog.* notice, Bulletin No. 50, Feb., 1911, xli] : death, xxxiii. 
Mosta: action of sea- water on vem-outcrops, [508]. 

Motors : Electric, for Driving Mine-Hoists, 533-560. 

Murdoch , atacamite-deposits, Peru and Chile, [510]. 

Murphy, Thomas D. [biog. notice. Bulletin No, 63, Mar., 1912, xlix] : death, xxxiii, 

Nason, Frank: L. : The Bearing of the Theories of the Origin of Magnetic Iron-Ores on 
Their Possible Extent, [xlviii]. 

Natividad gold-mine, Ixblan, Oaxaca, Mexico: continuous system of cyaniding, 
595-601. 

Natural gas : analysis, 419. 

Naumanu, E. : zinc-production, Thasos, European Turkey, [578]. 

New Caledonia : iron-ore deposits, [104] 

New County coal-seam, Scranton, Pa., 248. v 

New Jersey Briquetting Co. ; briquetting-plants, Brooklyn, N, Y., and Scranton, 
Pa.j 366. 

New York ; iron-ore production (1909), 224. 

New York, Ontario & Western Railroad ; coal-storage plants : capacity, 364. 

Newport Iron-Mine (Vallat), xliv, 676-694, 

Nicaragua : 

gold-deposits, 602. 
ore-dressing practice, gold, 603. 

Nipissing district, Ontario, Canada : 

Geology, 480-499. 
silver-deposits, 480. 

Nishio, Kbijibo : Mining Industry in Japan, [xlvii]. 

Nitrates ; 

effect on solubility of gold, 20. 
in mine-waters, 12. 
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Nodulizing-plant: Spanish- American Iron Oo., Felton, Cuba, 160. 

Norbom, John 0 [biog notice, Bulletin No. 63, Mar., 1912, 1] ; death, xxxiii. 

Norrie, Ambrose L. [biog. notice, Bulletin No. 50, Feb , 1911, xliii] ; death, xxxiii. 
Noeris, E. V. ; The Storage of Anthracite Ooal, xxxviii, 314-365. 

Notes on Kmtington Mills in Nicaragua (Semple), xli, 602-613. 

Notes on the Liberty Bell Mine (Chase), xlvii, 694-741. 

Occurreneei Origin, and Gharacter of the Surficial Iron-Ores of Oamaguey and Onente 
Provinces j Cuba (Spbhger), xxxix, 103-109. 

Ocher : 

analyses, 112. 

comparison with iron-ore, 133 
composition, 133. 
definitions, 131. 

production in U. S. (1904-1908), 115. 
separation from Cuban iron-ore, 114. 

Ochsenius; action of saline waters on vein-outcrops, [508]. 

Officers of the Institute, vii, ix. 

Ogilvie: analyses of rocks, New Mexico, [514]. 

Oil (petroleum) ; 

consumption by railroads, 433 

separation of mud and water by cooking, 428. 

California ; fuel- value, compared with coal, 843. 

production (1875-1910), 840. 

Louisiana ; Uaddo field ; production (1906-1910), 415. 

United States ; resources, 845, 

Oil-fields: 

California: Present Conditions, 837-846 
Louisiana : Caddo, 409-435 
Oil-tanks : cost, Louisiana, 435 
Oil-wells : 

drilling-methods, 424. 
machinery equipment and cost, 423. 

Caddo field, La , 402-435. 

Oliver slime-filter, 756. 

Ontario silver-lead mine, Park City, Utah, 470. 

Open-hearth steel: production, U. S. (1910), 223. 

Ore-concentration : reconcentration in tube-mills, 789 
Ore-concentrators : 

James diagonal-plane table, 528. 

Quenner separator, [501]. 

Ore-deposits (see also names of metals) • 
accumulation in gouge-clays, 512, 516. 
dialytic role of selvages, 515. 
haloid : conditions of deposition, 512. 
influence of chlorides in deposition, 510. 
kaolin : presence evidence of enrichment, [512]. 
precipitation by silicate minerals, 517. 
secondary enrichment, 6, 35, 54 et seq,, 472, 505, 917. 
zones : in arid regions, 504. 

in silver-regions, Mexico, [505]. 

Ore-hearth : Lead-Smelting, 402-408, 

Ores : see names of metals. 

Origin of Certain Bonanza Silver^Ores of the Arid Region (Keyes), xxxix, 500-517. 

Origin of the Iron-Ores of Central and Northeast&m Gviba (Leith and Mead), xxxix, 90- 
102 . 
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Oxygen : 

effect on solubility of gold, 746. 

Electrolytic, tn Oyanide Solutions, 746-751. 

Pachuca tanks, 595, 800, 820. 

Paidee, Frank: first use of culm for mme-filling, 923. 

Parker, E W. ; conservation of coal, [622] 

Farral-Tanh System of Slime- Agitation (Macdonald), xliv, 819-837. 

Pauly, K. A. : Electric Motors vs Compressed-Air Engines for Driving Deep-Mine Hoists, 
xxxix, 533-560 

Pavloff, M. A.: blast-furnace practice, [200]. 

Pearce, Richard ; analyses, gold-ores, Cripple Creek, Colo., [64]. 

experiments in solution of gold, [7], 17. 

Pechiii, E. C. : iron industry (1872), 230. 

Pennsylvania ; iron-ore production (1909), 224. 

Pennsylvania Coal Co ; coal-storage plants : capacity, 364. 

Pennsylvania Railroad : coal-storage plants : capacity, 364. 

Penrose, action of saline waters on vein-outcrops, [509]. 
chemical relations of iron and manganese in rocks, [39], 
distribution of chloride ores, [12]. 
formation of silver chlorides, [45]. 
superficial alteration of ore-deposits, [5]. 

Petroleum : see Oil. 

Pharmacist gold-mine, Cripple Creek, Colo., [63], 

Philadelphia & Reading Coal & Iron Co. : 
coal -storage plants : capacity, 364. 
early use of culm for mine-filling, 921. 

Phosphates: in mine- waters, 14 

Phosphorus in OoUng-Coal (Catlett), xlviii, 902. 

Photomicrography : 

specimen mounting-device, 641. 

Universal Metalloscope, 625-635. 

Physical Data of Igneous Emanation (Stevjbns), [xlvii]. 

Picking-belts : in ore-preparation, 179. 

Picking-tables ; in coal-preparation, 290. 

Pipe-lines : cost of hauling, laying, and painting, 435. 

Placer gold-deposits • see Gold-deposits. 

Placer-mining ; 

California: dredging-areas, 863. 

Present-Day Problems in Dredging, 855-873. 

Examination of Dredging-Properties, 851-855. 

Polishing-machine for microscopic specimens, 638. 

Porter, John Jermain : The Fuel E§ictency of the Iron-Blast Furnace, xl, 191-221. 
Potts, Francis L. [biog. notice, Bulletin'So. 50, Feb., 1911, xliv] : death, xxxiii. 

Pratt and Lewis: chalcedony and quartz in iron-ore, [107], 

Preparation of Anthracite (Sterling), xxxviii, 264-313. 

Preparation of Brown Iron-Ores (Geismbr), xl, 169-180. 

Present Conditions in the California Oil-Fields (RsquA), xlv, 837-846. 

Present-Day Problems in California Gold-Dredging (Janin), xlv, 855-873. 

Prospecting: hand-drill for, [853]. 

Parington, C. W. : gold-deposits, San Juan, Colo., [62]. 

mining industry, Telluride quadrangle, Colo., [698] . 

Pyrite : 

chemical reactions with ohalcocite, [43]. 
effect on solubility of galena^ [10]. 
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Quenner ore-separator, [501]. 

Quincy silver-lead mine, Park City, Utah, [470]. 

Railroads : 

Mileage, TJ. S. (1910), 223. 
petroleum-consumption by, 433. 

Ransome, F. L. : association of gold with, manganese, [31]. 
gold-deposits: Goldfield, Nev., [70]. 

Mother lode district, Cal , 55. 

San Juan, Colo., [62]. 

Ransome audLmdgren : gold-deposits, Cripple Creek, Colo., [63] 

Ransome, Emmons, and Garrey : gold-deposits, Bullfrog district, Nev., [71]. 

Rapid Estimation of Available Calcium Oxide in Lime Used in the Cyanide Piocess 
(Bahney), xlvii, 741-745. 

Raymond, R. W. ; Reminiscences of the Beginning of the Institute, [xxsviii], xlvi]. 
Discussion on Canadian Mining Law, xl, 617-623. 
blast-furnace practice, [192], 
gold-deposits, Summit district, Colo., [67] 
reports on mines and mining, [8]. 

Rea.d, Thomas T. : Mineral Production and Resources of China, [xlv]. 

Reid, J. A. ; silver-content of mme-waters, [44]. 

Reinholt, OsoaeH . Fuel- Problems in the Pacific, [xlvii]. 

Government Coal-Mines in the Philippines, [xlvii]. 

Reminiscences of the Beginning of the Institute (Raymond), [xxxviii], [xlvi]. 

Eequa, Mabk L ; Present Conditions in the California Oil-Fields, xlv, 837-846. 

Rice, E. R. : Discussion on Mine-Survey Notes, xli, 910-916. 

Richards, Ellen H. [biog. notice. Bulletin No. 58, Oct , 1911, xxviii] ; death, xxxiii. 
Richards; blast-furnace practice, 197, [198], [205], [208] 
metallurgical calculations, [194]. 

Richtofen ; Comstock lode ; proportion of gold to silver, [46] 

Rickard, T. A. ; atacamite-deposits SW. United States, [510] 
concentration of gold-deposits, [5], [41] 
experiments in solution of gold, 17. 
psilomelane in gold-deposits, [511]. 

Ridgway slime-filter, 766. 

Rock coal-seam, Scranton, Pa., 248. 

Rocks : 

chlorine-content of igneons, 11. 
gaseous content, 11. 
laterization, 75. 

salts in waters of non-calcareous, 8. 

Rockwell melting-furnace, 875. 

Bohland; selective concentration of minerals in solution, [515]. 

Rose, Hugh: Cyanide Practice at the Santa Oertrudis Mine, Paehuca, Ihdnlqo, Mejcico, 
[xlviii]. 

Rushmorb, David B : Use of Electricity %n Anthracite-Mining 
Russell : decay of rocks, [502]. 

Russell, C., and Sankowsky, N. : analyses of mine-waters, [7], 9. 

Sabine uplift, Louisiana : geology, 416. 

Saint Gothard tunnel, Switzerland, 440 

Salas, Luis Emlynn. : A Modification of the “ Gay Lirnac ” Method for Silver-Bullion 
Containing Tin, [xlvii]. 

Sampling Anode-Copper, with Special Reference to Silver- Content [Tmw.. xli, 318-323] j 
Discussion (Kellbe), xli, 905-908. 

Sampling-methods: copper, 905. 
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Sun Felipe iron -ore district, Camaguey, Cnba, 116 
Sand-screens in ore-preparation, 178. 

Saiidberger: action of saline waters on vein-outcrops, [509]. 

Sandstone : 

chlorine-content, 10. 

formula for crushing-strength, 239. 

Sankowsky, N , and Bussell, C : analyses of mine- waters, [7], 9. 

Saunders, W. L. : Tunnel-D) iving in the Alps, xl, 436-469. 

Sauveur, Albert ; The Umversal Metalloscope — A Perfected Microscope for the Examina- 
tion of Metals, xl, 625-635 
Schiiiz: blast-furnace practice, [186J. 

Scranton Anthracite Briquette Co. : briquetting-plant, Scranton, Pa., 366. 

Scrapers : 

bucket, 156, 864, 
drag-line, 143, 151, 171. 

Schurman, E. , relative affinity of metals for sulphur, [653]. 

ScHWENNESEN, A. T. *. A D rafting- Table f 01 Tracing Through Opaque Paper, xxxixi 
623-625. 

Seamon. gouge zinc-ores, [514]. 

Secondary enrichment : see Ore-deposits. 

Semple, Clarence Carleton . N^otes on Huntington Mills in Nicaragua, xli, 602-613. 
Serpentine rock ; analyses, 75, 111. 

Shales; chlorine-content, 10. 

Shelby, Charles F. [biog. notice. Bulletin No. 56, Aug., 1911, xxv] : death, xxxiii. 
Silica . in mine-waters, 14. 

Silver ; 

concentration in gouge-clays, 514, 
in copper anodes, 906. 
in mine-waters, [44], 

production. Cobalt district, Canada (1904-1909), 480. 

Silver-deposits ; 

Bonanza, in Arid Regions : Origin, 500-517. 

Canada : Cobalt district : Geology, 480-499. 

Ontario : bibliography, 498, 925. 

Colorado; Summit district, [67]. 

Silver-gold and gold-silver ores : vertical relations in deposits, 43. 

Silver-gold deposits: associated minerals, 69. 

Silver-gold mines (see also Gold-silver mines) ; 

Mizpah, Tonopah, Nev., [69], 

Montan a-Tonopah, Tonopah, Nev., [69] 

Silver King Coalition silver-lead mine, Park City, Utah, [470] . 

Silver-lead deposits ; 

Colorado ; Georgetown and Silver Plume, 60. 

Utah; Park City: Mining-Costs, 

Silver-lead-gold deposits ; Leadville, Colo., 59. 

Silver-lead mines; Silver King Coalition, Park City, Utah, [470]. 

Silver-mine waters ; salts in, 8. 

Silver-mines : 

Canada: Cobalt district ; Buffalo, 481. 

Coniagas, 481 et seq. 

Crown Reserve, 497. 

Kerr Lake, 497. 

La Bose, 489 et seq 
Lawson, 489 et seq. 

Nipissing, 481 et seq, 

Trethewey, 482. 
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Silver-ores . 

Bonanza, And Region : Origin, 500-517. 
chloridic, New Mexico, 509. 
gouge : Assay, 518-527. 
succession in zones, Mexico, 506 
Silver-refining : Electrolytic, 874-901. 

Silver-salts: solubilities, [44]. 

Sintering of Fine Iron-Bearing Materials (G\yley), xxxix, 180-190. 

Sintering-machines ; Dwight-Lloyd, 180-190. 

Simplon tunnel, Switzerland, 441-446. 

Sinking-funds , Method of Calculating, 908-910. 

Slag; 

specific heat, 197. 

temperature in the blast-furnace, 196. 

Slime ; 

analyses, 781. 

agitation: Parr al-Tanh System, 819-837. 

Filtration, 752-784. 
nature, 752. 

Slime-cakes; composition, 769. 

Slime-filters ; 

classification, 754. 
cycle of operation, 757. 

Slime-Filtration (Young), xlvi, 752-784. 

Slime-treatment (see also Cyanide practice) : 

Alaska-Treadwell Gold Mining Co., Douglas Island, Alaska, 785-818. 

Liberty Bell Gold Mining Co., San Miguel County, Colo , 727. 

Natividad mine, Ixtlau, Oaxaca, Mexico, 597. 

Siempre Viva mine, Nicaragua, 590. 

Veta Colorado M. & S Co., Parral, Mexico, 826-837. 

Smith, Alexander; chemical reactions in solution of gold, [21]. 
chemistry of manganese, 24. 

Smith, T. Otis, and Willis, Bailey; origin of iron-ores, Clealuin, Wash., [105], 

Smith box-car reloader, 358. 

Some Features of Replacement Ore-Bodies, and the Qrite)ia by Means of Which They May 
he Discovered (Irving), [xlvii]. 

Spanish-Amencan Iron Co. : 

iron-mines : Daiquiri, Cuba, 166. 

Mayari, Cuba, 162-169. 

Moa, Cuba, 138-152. 
nodulizing-plant, Felton, Cuba, 160. 

Spencer, Arthur C.; Occurrence, Origin, and Character of the Surjicial Iron-Ores of 
Camaguey and Oriente Provinces, Cuba, xxxix, 303-109. 
brown iron-ores, Cuba, [73]. 
gold-deposits, Treadwell mines, Alaska, [55] 

Spurr, J. E.: gold-deposits, Silver Peak, Nev., [57]. 
silver-gold deposits, Touopah, Nev., [69]. 

Spurr, Garrey, and Ball; silver-lead deposits, Georgetown and Silver Plume, Colo., 
[60]. 

Steam-shovels : in ore-excavation, 171, 

Steel; Bessemer and open-hearth; production, XT. S (1930), 223. 

Steeling, Paul: The Preparation of Anthracite, xxxviii, 264-313, 

Stevens, Blamey; Laws of Igneous Emanation, [xlvii]. 

Physical Data of Igneous Emanation, [xlvii], 

Sticht, Ernest [biog. notice, Bulletin No. 56, Aug., 1911, xxvi] . death, xxxiii. 

Stines, Norman, and Hutchins, J. P. : hand-drill for prospecting, 853. 

Stoek, H. H. ; Mine-Rescue Service of the State of Illinois, xxxix, 561-569. 
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Stokes, H. N. ; chemical reactions of ohaloocite and pyrite, [43] . 

experiments in solution of gold, 15, 16 
Storage of Anthracite Coal (Noreis), xxxviii, 314-365. 

Strangway: chrome iron-ore mining, Canada, [136]. 

Structure of the Northern Anthracite Coal~F%dd, Especially %n Relation to the Occurrence of 
Gas in the Goal (Darton), [xl]. 

Sullivan, Eugene C. ; chemical relations of iron and manganese in rocks, 39. 

Sullivan: precipitation of copper by silicate minerals, [517]. 

Sulphates ; 

efiect in solution of gold, 16, 19 
in mine-waters, 10. 

solution and precipitation of manganese by, 39. 

Sulphur: affinity of metals for, [653]. 

Summit gold-mine, Cripple Creek, Colo., [63]. 

Summit Hill Mme-Eire (Lathrop), [xxxviu]. 

Surveying : mine ; recording notes, 910-916. 

Susquehanna Coal Co. ; coal-storage plants ; capacity, 364. 

Sutherland, W. J. ; death, xxxiii. 

Swan, Archibald A. [biog. notice. Bulletin No. 56, Aug., 1911, xxvii] ; death, xxxiii. 
Sweetland: pressure-filtration, [760]. 

Sweetland slime-filter, 756. 

Swiss-Italian tunnels, 436-469. 

Tanks . 

cyaniding : Pachuca, 595, 800, 820. 

Parral, 819-837. 
petroleum : cost, 435. 

Tarr Mining Co., Smarbsville, Cal. . hydraulic mining-operations, 866. 

Taylor, F. W. ; shop-management, [219]. 

Thomae: gold-deposits, Asiatic Turkey, [584]. 

Thompson, Heber S. [biog. notice. Bulletin No. 58, Oct., 1911, xxx] : death, xxxiii. 
Thompson: interchange of materials in clay solution, [516]. 

Tin-dredging; Alaska, [869]. 

Tomboy gold-mine, Silverton, Colo., [62]. 

Tramways: Liberty Bell gold-mine, San Miguel County, Colo., 715. 

Treadwell gold-silver mine, Douglas Island, Alaska, 55. 

Gyanide-Plant, 785--818. 

Tschermak : malachite derived from atacamite, [510]. 

Tunnel-Driving in the Alps (Saunders), xl, 436-469. 

Tunnels : 

Alpine : ancient, 438. 

Arlberg, 436-441. 
construction-methods, 436-469. 

Loetschberg, 436-469. 

Mont Cenis, 436-441. 
rate of driving, 436-469. 
rock-temperatures, 443, 450, 466. 

Saint Gothard, 436-441. 

Simplon, 435-446. 

Turkey : 

History and Geology of Ancient Gold-Mdds, 569-589. 
maps, 570, 678. 

Vhited States Iron Industry from 1871 to 1910 (Birkinbine), xxxviii, 222-235. 

United States Steel Corporation ; exploration of iron-ore deposits, Cuba, [90]. 

Universal Metalloscope — A Perfected Microscope for the Examination of Metals (Sauveur), 
xl, 625-635. 

Use of Electricity in Anthracite-Mining (Eushmore), [xli]. 
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Valentine, M D. ; death, xxxiii. 

Valla-T, B. W. : The Newport Iron-Mine, sliv, 676-694. 

Van Bemmelen: interchange of bases in solutions, [517]. 

Van Hise: principles of ore-deposition, [5]. 

Van Hise and Irving : Penokee iron-bearing series, [676]. 

Vaughan, Hayes, and Spencer; geological reconnoissance of Cuba, [103] 

Verlain, Charles : laterization of rocks. 77 

Veta Colorado M. <& S. Co., Parral, Mexico: slime-treatment plant, 826 
Virginia ; iron-ore production (1909), 224. 

Wallace: iron- and manganese-deposits on desert rocks, [oil]. 

Warrinee, Samuel D. : Anthracite Board of Conciliation, xxxviii, 390-402. 
Water-table . undulating, 32. 

Waters; 

chloridic ; agency in ore-deposition, 920. 
mine: analyses, 9, [23]. 
salts in, 8. 

silver- and gold-content, [44] . 
natural: chlorine-content, 11. 
saline; action on mineral- vein outcrops, [508]. 
sea: substitute for lime-water in gold-amalgamation, [789]. 

Way : interchange of materials in clay solutions, [516]. 

Weed, W H. ; secondary enrichment of gold- and silver-deposits, [5], [59] 

Weiss, Eobert A. [biog. notice. Bulletin No. 58, Oct., 1911, xxxiii] : death, xxxiii. 
Weld, C M. : brown iron-ores, Cuba, [73], 106 et seq. 

Wells, E. C. : chemical reactions in solution of gold, [21] 
manganese: effect in precipitation of gold, 29. 

Western Australia; iron-ore deposits, [104]. 

Williams, Peed T. ; Mining- Costa at Park City, Utah, xl, 470-479. 

Willis, Bailey, and Smith, T. Otis , origin of iron-ore, Clealum, Wash., [105]. 
Wittohell : secondary enrichment of ore-deposits, [5]. 

Winslow, Arthur: analysis of gold-ore, 696. 

Winston, W. B., and Janin, Charles . gold-dredging in California, [857]. 
Wisconsin : iron-ore production (1909), 224. 

Wood, Howard : death, xxxiii 

WOODBRIDGE, DwiGHT E. ; Exploration of Cuban Iron-Ore Deposits, xl, 138-152. 

Yale, Charles G, ; Gold-Production in California, xlv, 847-851. 

Young, George J. : Slime - PiltraHon , xlvi, 752-784. 

Yuba Construction Co , California: gold-dredges, 858. 

Yung and McCaffery: Ortiz gold-deposits, New Mexico, [503] 

Zinc-blende : effect of pyrite on solubility, [10], 

Zinc-deposits: Thasos, European Turkey: production, [578]. 

Zme-dust precipitation : Treadwell mines, Alaska, 790, 813. 

Zinc-ores; gouge, [514]. 


ERRATA. 

P. 552. Equation (3). 

Por c (Pa — Pi), read c (Pi — Pn). 

P. 739. Table of Extraction, 1909 column. 

Per cent, recovered by amalgamation. Por 64, read 60 
P. 740. Summary of Costs, 1908 column. 

Salaries and office. For .28, read .29. 

Miscellaneous. Por .06, read .02. 
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